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PREFACE  TO  REYISED  EDITION. 


0^  carefally  comparing  tlie  American  translation  with  the 
original,  it  was  found  that,  in  several  passages,  the  meaning 
of  the  German  author  had  been  completely  misunderstood, 
so  as  to  render  the  corresponding  portions  of  the  text  unin- 
telligible.    These  errors  have  been  rectified. 

Some  further  alterations  have  been  made,  with  the  view  of 
rendering  the  work  more  suitable  to  the  English  reader. 
Thus,  the  degrees  of  the  Fahrenheit  scale  have  been  adopted 
in  preference  to  the  Centigrade,  the  latter,  .however,  being 
annexed  within  brackets.  The  hydrogen  scale  of  equivalents 
also  has  been  substituted  for  the  oxygen  scale,  as  the  former 
is  universally  adopted  by  English  chemists,  and  is  becoming 
more  general  abroad. 

These  alterations  have  appeared  desirable,  as  otherwise  the 
student,  upon  extending  his  studies  to  the  larger  English 
works  on  chemistry,  and  the  transactions  of  our  learned  so* 
cieties,  would  have  found  mud|  of  the  knowledge  he  had  ac- 
quired in  the  perusal  of  the  mteresting  work  before  us  per- 
plexing rather  than  useful. 

I.  W.  Gt. 

December,  1861. 

^       678 


PREFACE. 


The  following  work  has  been  translated,  at  the  recom- 
mendation of  Professor  Horsford,  as  a  good  introduction  to 
the  study  of  chemistry. 

Such  alterations  only  have  been  made  in  the  text,  as  were 
required  to  adapt  it  to  use  in  this  country.  Other  changes 
might  have  been  desirable,  such  as  substituting  the  hfdrogen 
for  the  oxygen  seal©  of  equivalent  weights,  the  JMirenheit 
instead  of  the  Centigrade  thermometrical  scale,*  the  adop- 
tion in  every  instance  of  a  scientific  instead  of  &  popular  no- 
menclature, &c. ;  but,  after  due  deliberation,  it  was  con- 
cluded not  to  depart  firom  the  original,  except  when  abso- 
lutely necessary  to  do  so.  Where  alterations  in  modes  of 
expression,  &c.,  have  been  made,  the  meaning  of  the  author 
has  been  careftdly  retained. 

In  some  few  instances,  the  scientific  nomenclature  usually 
adopted  in  our  chemical  books  has  been  departed  from ;  but 
this  could  not  well  be  avoided  without  somewhat  marring  the 
character  of  the  original  worl^  The  changes,  however,  that 
have  been  introduced,  will  in  no  way  confuse  the  more  ad- 
vanced student,  even  if  they  do  not  assist  the  learner. 

.    *  It  is  highly  prohable  that  the  Centigrade  thermometer  will  in  a  few  years  be 
generally  adopted  in  this  country  for  scientific  pnrposes. 
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There  has  been  in  many  cases  great  difficulty  in  rightly 
translating  terms  used  in  the  arts  and  manufactures,  for  the 
obvious  reasons  that  there  must  be  many  peculiar  technical 
terms  in  use  in  Germany,  where  arts  and  manufactures,  such 
as  porcelain-making,  metallurgy,  brewing,  wine-making,  &c., 
are  so  extensively  cultivated. 

An  important  part  of  the  labour  of  translating  has  been 
performed  by  a  Mend,  whose  familiar  knowledge  of  the 
German  language  has  been  to  me  of  much  value  and  assist- 
ance. 

I  am  also  under  great  obligations  to  the  Eev.  Dr.  TVancis, 
for  his  kindness  in  looking  over  the  pages  as  they  issued 
from  the  press,  and  for  many  valuable  suggestions. 

C.H.P. 

Cambridge,  U.  S.,  Sept.,  1861. 


INTRODUCTION. 


The  rapid  progress  of  experimental  science  during  the  last 
t\vTnty-five  years  is  to  be  ascribed,  in  great  measure,  to  the 
fact  that  pupils,  as  well  as  instructors,  have  become  e]5>eri- 
menters.  This  is  especially  true  with  respect  to  chemistry. 
Por  every  contemporary  of  Davy,  engaged  in  experimental 
researches  in  this  department,  there  are  probably,  at  present, 
scores  of  persons  occupied  in  the  same  field.  The  fruits  of 
this  labour  are  to  be  seen  in  the  improved  condition  of  manu- 
factures ;  in  the  more  substantial  scientific  basis  upon  which 
many  processes,  formerly  altogether  empirical,  are  now  se- 
curely fixed;  in  the  progress  of  agriculture,  and  the  arts 
generally ;  and,  to  some  extent,  in  the  progress  of  medicine. 

The  course  of  instruction  to  which  this  greatly  increased 
experimental  investigation  is  chiefly  to  be  attributed,  namely, 
fJie  practical  or  experimental  course,  bears  the  same  relation 
to  the  study  of  text  books  on  chemistry  that  anatomical  dis- 
sections do  to  the  perusal  of  essays  on  operative  surgery,  or 
the  solutions  of  problems  in  celestial  mechanics  to  lectures  on 
the  architecture  of  the  heavens.  It  is,  beyond  question, 
the  most  efficient  method  to  secure  a  sound  and  available 
knowledge  of  the  science,  either  elementary  or  more  compre- 
hensive. 

Works  designed  to  teach  chemistry  by  experiment  are 
already  in  use,  both  here  and  abroad,  but  most  of  them  take 
for  granted  the  possession  oP  expensive  apparatus,  and  a 
laboratory ;  scarcely  are  any  designed  to  bring  the  practical 
study  of  the  science  within  the  means  of  the  more  elementary 
schools;  and  none  are  to  be  found  suited  to  the  winter- 
evening  firesides  all  over  the  country,  where  the  younger  and 
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the  more  adyanced  of  both  sexea  would  delight  in  chemical 
experiments,  did  not  the  apparently  necessary  expense  of 
^paratus  forbid  them. 

It  is  to  meet  the  latter  two  wants,  as  well  as  those  of  a 
general  text-book,  that  the  work  of  Professor  Stockhardt, 
edited  by  my  late  assistant,  Dr.  Peirce,  is  eminently  suited. 

The  apparatus  necessary  for  many  of  the  most  instructive 
and  interesting  chemical  experiments  would  cost  but  a  trifle, 
and  less  than  forty  shillings  would  furnish  the  requisites  for 
all,  or  nearly  all,  the  most  important  experiments,  if  per- 
formed in  the  simple  manner  laid  down  in  this  book.  A  few 
tubes  and.  flasks,  a  spirit-lamp,  some  corks,  indiarrubber  and 
reagent  bottles,  almost  complete  the  Hst.  In  consequence  of 
the  extensive  adoption  of  this  as  an  introductory  work  in  the 
schools  of  Germany,  sets  of  apparatus  to  accompany  it  are 
advertised  by  the  principal  manufacturers.* 

The  qualifications  of  this  work,  as  a  text-book  for  schools, 
are  such  as  to  leave  little,  if  anything,  to  be  desired.  The 
classification  is  exceedingly  convenient.  The  elucidation  of 
principles,  and  the  explanation  of  chemical  phenomena,  are 
admirably  dear  and  concise.  The  summaiy,  or  retrospect,  at 
the  close  of  each  chapter,  presenting  at  a  glance  the  essential 
parts  of  what  has  gone  before,  could  scarcely  have  been  more 
happily  conceived  or  expressed  for  the  wants  of  a  pupil  or  an 
instructor. 

The  book  is  also  well  adapted  to  the  wants  of  teachers  who 
desire  to  give  occasional  experimental  lectures  at  a  moderate 
expense, — ^and  of  those  who  design  to  commence  the  study  of 
chemistry,  either  with  or  without  the  aid  of  an  instructor. 

E.  N.  HOBSFOED, 
Rumfird  Profesaqmdn  the  University  at  Cambridge^  U.  S, 

*  See  next  page. 


CHEMICAL   APPARATUS. 


The  following  list  comprises  in^st  of  the  apparatus  required 
for  performing  the  e'iperiments  described  in  the  present 
work,  aad  may  be  purchased  at  the  annexed  prices,  either 
separately  or  07  the  set,  of  Messrs.  Jackson  and  Townson, 
89,  Bishopsgate-street  Within,  who  will  also  forward  more 
extended  Hsts  of  apparatus  and  pure  tests,  on  application,  by 
post: 
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•  1.  Two  glass  flasks  tot  boiling  liquids       •        .       .        .£009 

2.  Twelve  test-tubes,  with  a  stand 0    18 

3.  Ten  glass  tubes,  of  different  sizes,  some  bent,  with  per- 

forated corks     0    16 

v^  4.  Two  glass  retorts  . 009 

5.  Two  glass  receivers 0    0    9 

1^6.  One  glass  spirit-lamp,  with  brass  wick-holder       .        .      0    0  10 

I/'  7.  Three  glass  jars,  to  bear  boiling 0    13 

u  6.  Two  glass  funnels 0    0    6 

^  9.  Two  glass  rods ..        .002 

A/ 10.  One  retort-holder  .        .        .        .        .        ,        .010 

11.  A  piece  of  platinum-foil 0    0    8 

12.  Two  platinum-wiies 0    0    6 

1/^3.  A  blow-pipe 008 

vi4.  A  tripod,  with  wire  triangles 0    0  10 

•^15.  Two  iron  dishes 0    0    3 

1/16.  Three  porcelain  evaporating  basins       .       .        .       .014 

17.  One  porcehun  capsule 0    0    4 

^  18.  A  file  (triangular  or  rat-tail) 0    0    4 

i/  19.  A  piece  of  wire-gauze 0    0    3 

t^  20.  A  pestle  and  mortar 0    0  11 

•^  21.  A  strip  of  zinc  soldered  to  a  strip  of  copper          .        .006 
/  22.  A  iMur  or  rod  of  zinc      . 0    0    3 

£0  16    0 

A  more  complete  and  elegant  collection  of  apparatus  may 
be  obtained  for  258.  0 

A  balance,  with  polished  steel  beam  and  brass  or  glass 
pans  and  weights,  from  Ss,  6d,  to  7*.  6i.  A  lamp,  with  double 
current  and  appendages,  los. 
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PART  I. 
INORGANIC  CHEMISTRY, 


CHEMICAL  ACTION. 

1.  EvBBT  one  knows  that  iron,  heated  to  redness,  changes 
into  scales  or  cinders,  and  that,  exposed  to  moist  air  or  earth, 
it  is  converted  into  rust;  that  the  expressed  juice  of  the 
grape  graduaDy  turns  to  wine,  and  this,  again,  to  vinegar ; 
that  wood  in  a  stove,  or  oil  in  a  lamp,  disappears  in  biuming ; 
and  that  animal  and  vegetable  substances  in  time  putrefy, 
disintegrate,  and  finally  msappear. 

Iron  cinders  and  rust  are  iron  altered  in  constitution; 
iron  is  hard,  tenacious,  of  a  greyish-white  colour,  and  bril- 
liant; by  heating  to  redness  it  becomes  black,  dull,  and 
brittle ;  on  exposure  to  moisture  it  is  converted  into  a  pow- 
der of  a  yellowish-brown  colour.  Wine  is  altered  musty  in 
which  nothing  of  the  sweet  taste  peculiar  to  the  grape-juice 
can  be  perceived ;  but  it  has  acquired  a  spirituous  flavour, 
together  with  a  heating  and  intoxicating  power,  whicTi  was 
not  in  the  mtisf.  Vinegar  is  altered  wine ;  it  has  an  add 
smell  and  taste,  and  has  lost  its  spirituous  flavour,  as  well 
as  its  exhilarating  properties,  its  tendency  being  rather  cool- 
ing and  sedative.  Search  must  be  made  in  the  air  for  the 
oil  and  wood  which  have  disappeared  during  combustion; 
both  these  substances  are  converted  into  vapour  or  gas,  and 
beat  and  light  are  thereupon  evolved  with  the  phenomenon 
of  fire.    Of  a  similar  nature  are  the  changes  which  animal 
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and  vegetable  substances  undergo,  if  kept  for  a  sufficient 
length  of  time ;  they  are  gradually  converted,  as  tbey  putrefy 
or  decay,  into  various  kinds  of  gas,  some  of  which  emit  a  very 
disagreeable  odour. 

Such  processes,  by  which  the  weight,  form,  solidity,  colour, 
taste,  smell,  and  action  of  the  substances  become  changed,  so 
that  new  bodies  with  quite  different  properties  are  formed 
from  the  old,  are  called  chemical  processes,  or  chemical 
action. 

2.  Wherever  we  look  upon  our  earth,  chemical  action  is 
seen  taking  place,  on  the  mid,  in  the  air,  or  in  the  depths  of 
the  sea.  The  hard  basalt,  the  glass-like  lava,  become  gradu- 
ally soft,  their  dark  colour  passes  into  lighter,  they  crumble 
to  smaller  and  smaller  pieces,  and  are  finally  changed  to 
earth.  A  potato  placed  in  the  earth  grows  soft,  loses  its 
mealy  taste,  becomes  sweet,  and  finally  decays.  -  The  bud, 
that  sends  forth  a  sickly  pale  shoot  in  a  dark  cellar,  when  ex- 
posed to  the  light  and  air  grows  up  a  vigorous,  firm,  and 
green  plant,  which,  imbibing  its  nourishment  from  the  moist 
air  and  soil,  forms  from  their  elements  new  bodies,  not  to  be 
found  previously  in  the  water  or  the  air.  A  delicate  netwoik 
of  cells  and  tubes  pervades  the  whole  plant,  imparting  to  it 
firmness ;  these  we  call  vegetable  tissue,  or  woody  fibre.  "We 
find  in  the  sap,  which  passes  up  and  down  through  these 
cells,  albumen  and  other  viscous  substances ;  in  the  leaves 
and  in  the  stalks,  a  green  colouring  matter — chlorophyll; 
and  in  the  ripe  tubers,  a  mealy  substance — starch.  None  of 
these  substances  are  injurious  to  health ;  but  if  the  potatoes 
grow  in  the  dark  and  without  soil,  for  instance,  in  the  cellar, 
there  is  produced  in  their  long  pale  shoots  a  very  poisonous 
bodv — solamne. 

The, potato  forms  one  of  our  most  important  articles  of 
food.  The  starch  contained  in  it  is  not  soluble  in  water,  but 
when  received  into  the  stomach,  quickly  undergoes  such  a 
change  that  it  can  be  dissolved  or  digested,  and  then  intro- 
duced as  a  liquid  into  the  blood.  The  blood  comes  in  con- 
tact in  the  lungs  with  the  inhaled  air ;  the  blood  changes  its 
colour,  the  air  changes  its  constitution,  and  the  heat  which 
we  feel  in  our  bodies  is  developed.  We  must  conclude, 
from  these  changes,  that  chemical  action  is  goiag  on  in  our 
own  bodies. 
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3.  As  long  as  a  plant  or  an  animal  lives,  the  chemical  pro- 
cesses  are  under  the  guardianship  of  a  higher  mystenous 
power,  which  is  called  the  vital  for ce^  and  by  which  they  are 
constrained  to  furnish  the  materials  for  the  structure  of  the 
animal  or  vegetable  bodies.  The  vital  force  is,  as  it;  were, 
the  architect  who  plans  the  building,  and  sees  that  the  requi- 
site materials  are  procured  by  the  chemical  processes,  and 
worked  up  according  to  his  thU.  Hereupon  arise  innume- 
rable new  bodies,  wluch  cannot  be  Wificially  imitated,  as,  for 
example,  wood,  sugar,  starch,  fat,  gelatine,  flesh,  <fcc.  They 
are  called  orgcmic  compounds,  or  animal  and  vegetable  sub- 
stances, in  opposition  to  inorganic  or  mineral  bodies,  which 
may  be  artificially  imitated  by  putting  together  their  con- 
stituent parts.  When  life  in  an  animal  or  vegetable  ceases, 
the  chemical  powers  obtain  the  mastery,  and  t&se,  as  if  they 
were  the  gravediggers  of  nature,  fulfil  the  old  motto  — 
"  Earth  to  earth,  and  dust  to  dust."  The  leaves  of  the 
potato  plant  become  yellow,  and  then  brown ;  they  fall  off, 
and  are  gradually  converted  into  a  dark  powdery  substance 
— ^humus.  In  the  course  of  time  even  this  disappears,  with 
the  exception  of  a  little  ashes,  which  cannot  take  flight  with 
the  rest.  What  here  it  takes  years  to  bring  to  pass,  happens 
in  minutes  if  we  throw  the  dry  leaves  into  tne  fire.  The 
chemical  action  is  in  both  cases  quite  similar — ^the  only  dif- 
ference consists  in  the  time  in  which  it  is  effected ;  it  goes 
on  rapidly,  as  combustion,  under  a  strong  heat,  and  slowly, 
as  a  process  of  decay,  at  a  moderate  temperature.  But  what 
appears  to  us  annihilation  is  only  change.  The  substances 
which  have  been,  not  annihilated,  but  only  rendered  invisible 
by  combustion  or  decay,  we  find  again  under  another  form, 
with  exactly  the  same  weight,  in  the  air ;  from  the  air,  they 
are  again  drawn  down  to  the  earth  by  the  chemical  processes 
going  on  in  living  plants. 

4.  We  see  from  this  how  the  inscrutable  power  of  the 
Almighty  appointed  the  chemical  processes  for  his  servants, 
in  order,  by  their  agency,  to  produce  the  eternal  vicissitude 
which  we  daily  observe  around  us  in  all  nature,  and  to  caU 
forth  evermore,  in  uninterrupted  succession,  new  life  from 
death ;  thus  it  is  self-evident  now  improving  and  instructive 
for  every  thinking  man  must  be  that  science  which  expl^dns 
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to  him  this  yicissitude,  and  opens  to  him  a  dearer  insigbt 
into  the  wonder^  of  creation. 

This  deeper  insight  will  not  only  lead  the  mind  of  man  to 
higher  impn)Tem^it  and  perfection,  but  must  also  M  it  with 
greater  admiration  and  profoonder  reverence  for  Him,  who 
revealed  to  us  in  these  wonders  His  unsearchable  omnipo- 
tence and  wisdom. 

In  anoth^  point  <rf  view,  the  interest  in  chemical  know- 
ledge will  be  most  powerfuUj  excited  by  the  u^ful  applica- 
tion which  can  be  made  of  it  in  every-day  life.  Chemistry 
teaches  the  apothecary  how  to  compound  and  pr^wre  his 
medicines ;  it  t^hches  the  physician  how  to  cure  maladies  by 
means  of  these  medicines ;  it  not  only  shows  the  min^  the 
metals  concealed  in  rocks,  but  aids  him  idso  in  smelting  and 
working  l^em.  Chemistry,  in  connexion  with  physics,  has 
been  tke  pnncipal  lever  by  vliieh  80vifta»y  arts  and  trades 
have  been  brou^  to  sux^  a  degree  of  perfection  within  tlie 
last  &w  decades,  tmd  by  its  means  we  have  been  anp]difid. 
witk  the  nvmbedess  oom^eniences  of  life  that  were  iHit  en- 
joyed by  our  fathers.  It  cannot  be  doubted  that  the  fanner 
must  at  once  pegard  cbesiistry  as  his  indispensable  &iend, 
far  it  is  this  idone  which  aequaints  him  with  the  constk;«Kiit 
parts  of  his  soil,  with  the  proper  nutriment  of  the  plants  be 
wii^es  to  cultivate,  and  with  ihe  me«ia  whereby  be  can  en- 
haaaee  the  frnitfulness  of  his  fields. 

5.  Chemical  Force  or  Affinitjf. — ^If  a  |neee  of  mm.  be 
heated  to  redness,  till  a  i^ii^^amst  of  scales  is  formed  around 
it,  and  tfa^i  weighed,  it  wiU  be  found  to  have  increased  in 
weight ;  consequentiy,  it  must  have  been  sup{died  wit&  some- 
thing ponderable  &om  1^  air.  This  p<mdenDble  substance  is 
a  ^cies  of  gas,  called  oxygen ;  by  its  union  with  the  iron  it 
has  become  fixed,  yet  by  oth^  comical  pocesses  it  can  be 
reconverted  into  its  gaseous 'form.  K  this  crust  of  ircm  is 
now  exposed  fi)r  a  time  to  moist  air,  it  will  gradually  become 
rust,  and  ^ain  wdgh  moxe  than  be&re ;  it  has  atiiraeted  and 
imited  to  itsdf  wa4}er,  and  mate  oxygen  fix>m  the  air.  AcccMrd- 
ingly,  the  crust  consiBts  oi  iron  mm!  oxygoi;  the  rust,  of 
iron,  oxygen,  and  wat«r,  'vdiich  have  become  most  dosely 
united  with  each  other; — ^they  are  ch^Eiiically  combined. 
There  is  a  peculiar  power,  which  is  considered  the  cause  of  this 
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isiimatie  umon,  as,  in  general,  of  all  chemical  dunges ;  it  is 
called  chemical  fower  or  affimt^^  and  bodies  tliat  possess  this 
capacify  qX.  uniting  with  each  other  are  said  to  hare  an  affinity 
for  each  oiher.  Accordingly,  iron  at  a  red  heat  has  an  am- 
nity  ios  the  oxygen  of  the  air,  and  at  the  ordinary  temperature 
it  has  ^so  an  affinity  for  water.  A  gold  coin  changes  neither 
its  colour  nor  its  weight,  whether  at  a  red  heat,  or  exposed  to 
moisture ;  we  thence  conclude  that  gold  possesses  no  affinity 
for  oxygen  or  for  water. 

6.  A  force  cannot  be  seen  or  rasped ;  we  notice  it  only 
in  the  effects  which  it  produces.  If  we  would  know  whether 
a  piece  of  steel  possesses  magnetic  power,  we  apply  a  needle, 
asid  try  whether  this  is  attaracted  by  it  or  not;  we  then 
Qonclude  from  its  behaviour  as  to  the  absence  or  presence  of 
magnetism.  Precisely  th§  same  course,  that  of  experiment^ 
must  be  taken,  in  order  to  become  acquainted  with  the  che- 
mical forces,  1^  affinities  of  bodies  for  each  other.  Every  expe- 
riment is  a  question  put  to  a  body,  the  answ^  to  which  we  re- 
ceive through  a  phenomenon,  thai  is,  through  a  change  which 
we  observe,  sometimes  by  the  sight  or  i^  smell,  somdimes  by 
the  other  senses.  The  question  has  just  been  put  to  iron 
and  gold,  whether  they  have  an  affinity  for  oxygen ;  the  iron, 
converted  into  black  oxide,  gave  an  answer  to  this  question, 
ihe  unchangeable  gold  did  not.  Every  chax^  which  we  per- 
ceive, every  new  property  which  we  observe  in  a  body,  is  a 
letter  in  the  language  of  chesustry.  To  learn  this  easily  and 
thoroughly,  it  is  above  all  things  useful  for  the  beginner  to 
exercise  lumself  in  spelling,  that  is,  in  making  experiments. 
To  give  directions  for  this  is  the  object  of  the  present  little 
-work.  Those  experiments  <mly  have  be^i  introduced,  which, 
an  the  one  hand,  can  be  performed  easily,  safely,  and  without 
great  expense,  and,  on  the  other  hand,  seem  l^est  adapted  to 
Ulustiate  the  chemical  doctrines  and  laws,  and  to  impress 
them  on  the  memory. 

7.  Theire  are  fow  leading  gueit$on8  which  the  chemist 
puts  to  the  different  natural  bodies. 

a.)  Of  vsJiat  we  ihey  composed  ? — Take,  for  instance,  a  piece 
of  bone.  How  is  it  affected  when  strongly  heated  in  a  fur- 
nace p  It  becomes  whiter,  lighter,  and  lesa  solid  than  before 
(bone-ashes).  But  how  is  it  affected  when  heated  in  a  co- 
vered vessel  ?  It  becomes  lighter,  and  black  (bone-black).  If 
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exposed  to  boiling  water,  or  to  steam,  how  is  it  affected  ?  It 
becomes  lighter,  and  remains  white ;  but  in  the  water  is  dig- 
solved  gelatine.  How  in  muriatic  acid  ?  It  becomes  trans- 
parent ;  the  bone-earth  is  dissolved,  and  a  gristly  mass  re- 
mains, which,  when  boiled  with  water,  turns  to  gelatine. 
What  is  the  action  of  fire  upon  the  gelatine  ?  In  a  covered 
vessel  it  is  converted  into  charcoal,  in  an  open  one  it  bums 
and  disappears.  These  few  experiments  show  that  the  bone 
contains  gelatine  which  is*  combustible,  and  an  earth  which  is 
not  so ;  they  show,  at  the  same  time,  that  it  is  the  carbonised 
gelatine  which,  in  the  second  experiment,  colours  the  bone- 
earth  black,  and  makes  it  bone-bkck  ;  that  this  gelatine  dis- 
solves in  water,  but  not  in  muriatic  acid,  &c.  G-elatine  and 
bone-earth  are  called  the  proximate  constitvsnta  of  bone,  but 
by  continued  chemical  processes  these  can  be  resolved  still 
further,  that  is,  separated  into  simpler  constituents.  In 
bone-earth  are  found  phosphorus,  a  metal  (calcium),  and 
oxygen ;  in  the  gelatine,  besides  carbon,  three  other  bodies — 
oxygen,  hydrogen,  and  nitrogen.  These  bodies  can  be  decom- 
posed no  further  by  any  known  method  of  analysis,  and  are 
therefore  called  simple  bodies,  cJiemical  or  ultimate  elements. 
There  are  now  about  sixty  known  elements,  and  almost  every 
year  adds  to  their  number ;  but  this  increase  is  of  little  im- 
portance to  chemical  science  or  its  applications,  for  it  consists 
of  elements  which  but  very  seldom  occur.  This  separating  of 
compound  bodies  into  simple  ones  is  designated  by  the  name 
of  analysis. 

h.)  What  chmges  do  todies  v/ndergo  when  placed  in  contact 
with  other  bodies  ? — Phosphorus,  which  is  obtained  from  bones, 
is  luminous  in  the  air,  and  is  gradually  converted  into  an  acid 
liquid ;  it  imites  with  the  oxygen  of  the  air,  as  the  iron  did 
on  being  heated  to  redness.  K  the  phosphorus  is  gently 
heated,  this  union  is  attended  with  a  vivid  combustion,  and 
there  is  formed  an  acid  body  which  is  different  from  the  for- 
mer ;  to  which,  if  chalk  be  added,  a  new  body  is  formed,  very 
similar  to  bone-ashes ;  it  is,  in  fact,  artificial  bone-ashes. 
The  number  of  new  bodies  which  may  be  produced  by  the 
union  of  the  elements  with  each  other,  or  with  compound 
bodies,  is  infinite ;  and  entirely  different  substances  are  often 
formed,  according  as  the  combination  takes  place  imder  the 
influence  of  cold  or  heat,  in  water  or  in  au?,  in  greater  or 
smaller  quantities.    This  is  combi/nation  or  syniheiU, 
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e.)  What  useful  abdications  can  he  made  of  cTiemical 
theory  and  ^practice  ? — AV^hen  the  chemist  discovers  a  new 
body,  or  a  new  property  in  one  already  known,  or  a  new 
method  of  synthesis  or  analysis,  he  impaaijs  his  discovery  to 
the  apothecary,  the  physician,  the  farmer,  the  manufacturer, 
and  the  tradesman,  that  experiments  may  he  instituted  for 
the  purpose  of  ascertaining  whether  any  advantage,  facility, 
or  improvement  can  he  derived  for  pharmacy,  medicine, 
agricidture,  or  the  arts.  Phosphorus  ignites  spontaneously 
at  a  gentle  heat;  it  is  used  in  lucifer-matches.  Taken  into 
the  stomach,  it  acts  as  a  violent  poison ;  it  is  at  present  the 
most  common  means  for  the  destruction  of  rats  and  mice. 
The  constituents  of  bone-earth  and  those  of  gelatine  have 
been  found  to  be  universally  present  in  the  seeds  of  different 
kinds  of  com ;  the  chemist  concludes  from  this,  that  pul- 
verised bones  must  yield  an  excellent  manure  for  com  ;  the  ' 
.  agriculturist  demonstrates  this  by  experiments  on  a  large 
sciale.  In  bone-black  the  property  has  been  discovered  of 
attracting  many  substances  neld  in  solution  in  liquids,  and  of 
condensing  them  in  itself :  on  account  of  this  property,  it  is 
used  for  making  impure  water  potable ;  the  sugar-refiner 
employs  it  to  make  brown  syrup  colourless ;  with  it  the 
£^ti&r  purifies  spirit  from  fusel  oil.  This  is  applied  or 
pNUStical  chemistry, 

d,)  What  are  the  causes  of  chemical  cha/nges,  and  according 
to  what  laws  do  thev  take  place  ? — If  chemical  experiments 
are  performed,  as  they  should  be,  with  the  balance  in  the 
hand,  it  will  soon  be  observed,  that  when  two  different 
bodies  which  can  unite  with  each  other  are  brought  together, 
sometimes  a  part  of  the  one,  sometimes  a  part  of  the  other, 
remaina  free.  Further  experiments  will  show  how  much  of 
one  body,  in  weight,  can  be  united  with  the  other.  If  all 
bodies  are  tested  in  the  same  manner,  the  certainty  is  finally 
attained,  that  all  chemical  combinations  take  place  only  in 
fixed,  unchangeable  proportions,  and  that  to  every  individual 
body  is  assigned  a  definite  weight,  with  which  it  always  enters 
into  any  combination  whatever.  (§  268.)  This  certainty"  is 
called  a  natural  law.  Many  such  laws  of  nature  have  already 
been  ascertained,  and  they  serve  as  a  certain  guide  to  the 
chemist  in  his.  labours,  since  they  cannot,  Hke  human  laws, 
.be  arbitrarily  evaded  or  changed.  By  them  alone  we  attain 
to  a  scientific  insight  into  chemical  processes,  and  to  the 
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expahdjty  of  putting  direct  questicma  to  bodies  hj  experi- 
ment, and  of  testing  the  truth  of  the  answers  receired.  An 
explanation  of  chemical  processes  based  on  natural  lawB, 
which  presents  «  dear  idea  of  the  subject  to  the  mind,  m 
called  a  Theory. 

WEIGHING   AND    MEASXJEING. 

8.  Weighing. — The  balance  is  to  the  chemist  what  the 
compass  is  to  the  mariner.  The  ocean  was  indeed  nayigat^ 
before  the  discovery  of  the  compass ;  but  not  till  after  this 
could  the  sailor  steer  with  confidence  to  a  certain  place,  and 
recover  his  proper  course,  however  often  lost.  And  so,  in 
chemistry,  no  systematic  method  of  study  could  be  pursed 
before  the  introduction  of  the  balance.  The  balance  is  tiie 
'  plumbline,  as  well  as  the  touchstone  in  diemical  experiments ; 
it  teaches  us  how  to  ascertain  the  true  composition  of  bodies, 
and  shows  us  wheth^  the  questions  put,  the  answers  re- 
ceived, or  the  conclusions  drawn  from  them,  are  correct  or 
felse.  Hence  it  cannot  be  too  strongly  recomm^ided  to 
those  commencing  the  study  of  chemistry  to  use  the  balanoe 
even  in  simple  experiments.  For  the  experiments  described 
in  this  book,  a  common  apothecaries'  balance  is  all  that  is. 
requisite. 

Such  a  balance  consists  of  a  brass  or  steel  lever  (beam), 
with  arms  of  equal  length,  through  tiie  centre  of  which  passes 
a  steel  wedge-shaped  axis,  resting  on  a  hardened  plate,  bo 
that  the  beam,  to  the  extremities  of  which  the  pans  are 
attached,  may  easily  vibrate.  It  is  essential  that  the  axis 
*  should  be  in  the  right  place  in  the  beam,  a  little  c^)09e  its 
centre  of  gravity,  as  in  Fig.  1,  a.  The  centre  of  gra'dty 
J,.    J  can  be  found  by  balancing 

the  beam  on  its  flat  dde, 
with  the  index  attached  to 
it,  upon  a  knitting-needle, 
and  when  the  beam  rests 
horizontally,  tl^  pc»nt  of 
the  needle  designates  the 
centre  of  gravity.  If  the 
axis  be  j^ced  too  low  J#- 
neaih  the  centre  of  gravi^, 
as  in  Fig.  1,  d,  the  b^m  will 
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oresrset,  if  one  of  the  pans  s  more  hemfy  k)aded  tlum  the 
ofcher.  If  placed  directly  in  the  centre  of  grayity,  the 
balance  itsaf  will  cease  to  yibrate  when  the  beam  is  in  an 
oblique  position.  When  the  axis  is  too  high  above  the 
centre  of  gravity,  the  balance  loses  much  of  its  sensilnlity. 
This  latter  defect  occurs  most  frequently,  but  is  easily  re« 
medied  by  lowering  the  axis. 

9.  The  apothecaries*  weight  and  the  French  decimal  weight 
are  those  commonly  used.  The  following  is  the  table  of  the 
apothecaries'  weight,  which  will  answer  fcnr  all  the  ezperi- 
Hients  given  in  tms  book : 


and. 

Ounces.         Drachms.       Scruples. 
=        12        »        96        «s      288 

Grains. 

1 

=    6760 

1        »         8       «        24 

»      480 

1        «         8 

«        60 

1 

=        20 

10.  The  new  French  system  of  weights  and  measuresy 
which  is  now  almost  universally  adopted  by  chemists,  is 
charaeteiised  by  great  simplicity,  all  its  divisions  being  made 
by  ten ;  hence  the  name  decimal  weight  and  measure.  Its 
unit  is  derived  from  the  size  of  our  globe. 

In  order  to  define  the  different  localities  on  this  globe, 
imaginary  circles,  as  is  well  known,  have  been  drawn  aroiind 
yJb,  Those  which  pass  round  the  earfch  from  east  to  west,  the 
largest  of  which  is  the  equator,  are  called  parallels  of  latitude 
(circles  oflatitude)  ;  those  which  pass  round  the  earth  length- 
wise, intersecting  at  ihe  poles,  vieridia/M  (circles  of  longitude) . 
The  parallels  of  latitude  gradually 
become  smaller  towards  the  poles ; 
I  the  meridians,  on  the  contrary,  are 
all  of  equal  size.  The  circle,  N  E 
S  W  N  represents  a  meridian  or 
circle  of  lon^tude.  The  fourth 
part  of  this  circle,  or,  what  is  the 
same  thing,  the  fourth  part  of  the 
circumference  of  our  earth,  as  N  E, 
is  the  basis  of  the  French  system. 
This  quadrant  was  divided  into  ten 
million  parts,  one  of  which  was 
taken  as  the  unit,  under  the  name 
of  meter^    A  meter  is  about  three  feet  and  a  quarter  in 
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length.  The  smaller  measures  are  produced  by  dividing  by 
ten,  and  are  designated  by  Latin  terms ;  the  larger  ones  by 
multiplying  by  ten,  and  are  designated  by  Greek  terms. 

Smaller  Measures.  Larger  Measures. 

Meter.  Meter.  ' 

Decimeter    ss    ^    meter.  Decameter     =>  .     10  meters.  ' 

Centimeter  «   ^fc      "  Hectometer    =       100      " 

Millimeter    =  -j^     "  Kilometer      =    1,000      " 

Myriameter    =^  10,000      '' 

The  system  of  weights  was  derived  from  the  measure  of 
length,  in  the  following  manner.  A  cubical  box  was  taken, 
measuring  exactly  one  centimeter  in  each  direction,  and  this 
was  filled  with  water  at  its  greatest  density  (at  the  tempera- 
ture 40°  F.  (4°  C.)  ;  the  weight  of  this  quantity  of  water 
was  caUed  a  gramme.  This  is  taken  as  the  unit  of  the  deci- 
mal weights,  and  is  multiplied  or  divided  by  ten. 

Smaller  Weights.  Larger  Weights. 

Gramme.  Gramme. 

Decigramme    «»-^  gramme.         Decagramme   =»         10  grammes. 
Centigramme  =  yiTy      "  Hectogramme  =^       100       " 

MiUigramme  «  tS^    "  Kilogramme    =     1,000       " 

Myriagramme  =  10,000        " 
One  gramme  is  ec^ual  to  16.43279  grs.  Troy. 
One  kilogramme  is  equal  to  21b.  3oz.  4.17dwt.  Ay. 

It  is  well  enough  known  that  the  body  whose  weight  iff  to 
be  ascertained  must  be  put  into  one  scale,  and  in  the  other, 
weights  sufficient  to  restore  the  index  to  its  original  perpen- 
dicijJar  position.  The  weight  of  a  body  thus  determined  is, 
in  scientific  language,  called  its  absolute  weight.  Thus,  a  piece 
of  sugar  weiglung  two  ounces  has  an  absolute  weight  of  two 
ounces ;  or,  if  a  vessel  be  filled  with  two  pounds  and  one 
ounce  of  water,  this  water  has  an  absolute  weight  of  two 
pounds  and  one  ounce. 
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11.  Ice  floats  in  water,  iron  sinks  in  it,  because  the  former 
is  lighter,  the  latter  heavier,  than  water.  But  if  we  put  a 
piece  of  ice  in  spirit  it  sinks,  or  if  we  put  a  piece  of  iron 
upon  quicksilver  or  mercury,  it  floats ;  consequently,  ice  is 
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heayier  than  spirit,  iron  lighter  than  quicksilver.  It  also 
follows  that  spirit  is  lighter  than  water,  since  it  can  support 
less  weight,  and  quicksUver  heavier  than  water,  as  it  can  bear 
a  greater  weight.  The  terms  heavier  and  lighter,  in  this 
sense,  correspond  to  what  in  scientific  language  is  called 
specifically  heavier  or  specifically  lighter,  and  equal  bulks  are 
always  to  be  understood  in  spealdng  of  the  comparative 
weights  of  bodies.  The  expression,  ice  is  lighter  than  iron, 
means,  therefore,  that  taking  equal  bulks  of  each,  the  former 
weighs  less  than  the  latter  ^  and  when  we  say  that  quick- 
silver is  heavier  than  water,  we  mean  that  in  equal  volumes, 
as  a  pint,  for  instance,^  the  quicksilver  has  a  greater  weight 
than  the  water.  But  in  absolute  weight,  no  regard  is  paid 
to  the  volume  of  substances. 

In  order  to  ascertain  how  mamj  times  heavier  quicksilver  is 
than  water,  or  iron  than  ice,  it  is  only  necessary  to  weigh 
equal  volumes  or  portions  of  each,  and  to  compare  thQJr 
weights.  K,  for  example,  we  take  five  vessels,  each  of  which 
would  contain  exactly  100  grains  of  water,  and  fill  them 
respectively  with  spirit,  ice,  water,  iron,  and  quicksilver,  the 
following  difierences  in  weight  will  be  found:  the  vessel 
with  spirit  would  weigh  80  grains ;  with  ice,  90  grains ;  with 
water  100  grains ;  with  iron,  760  grains ;  with  quicksilver, 
1350  grains. 

To  fiM^ilitate  the  comparison  of  the  numbers  which  denote 
how  much  greater  the  specific  gravity  of  one  body  is  than 
that  of  another,  water  has  been  fixed  upon  as  the  standard 
or  unit.  Therefore,  in  the  above  case,  the  question  is,  how 
much  lighter  than  water  are  spirit  and  ice,  and  how  much 
heavier  arp  iron  and  quicksilver  ?  or,  in  other  words,  how 
many  times  is  100  contained  in  80,  90,  760,  and  1360  ?  The 
other  numbers,  then,  are  to  be  divided  by  100,'  the  weight  of 
water,  and  there  is  found  for 
Spirit,  T^,  or,  in  decimals,  0.80 ;  it  is  therefore  \  lighter 

than  water. 
Ice,  ^^,  or,  in  decimals,  0.90 ;  it  is  therefore  -j^  lighter  than 

water. 
Iron,  4^,  or,  in  decimals,  7.60 ;  it  is  therefore  7^  times 

heavier  than  water. 
Quicksilver,  ^^^,  or,  in  decimals,  13.60;  it  is  therefore  13^ 

times  heavier  than  water. 
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These  numberB  represent  Hie  wpec^ic  weigldf  (i^  gr.). 
Thus,  according  to  cakulatio^  spirit  hayii^  a  specific  gn^ity 
of  0^,  80  parts  of  it  wcmid  occupy  1^  same  s^Mce  as  100 
parts  of  wat^ ;  therefiMe  it  is  onfy  £3ur-fifUi8  as  heayj  as 
water,  or,  what  is  the  same  thing,  one-fifth  lighter  tiiau  wiket. 
!nie  specific  gravity  of  qmdudlyer  being  if  ^,  that  is,  IS^ 
parts  ci  quidksilyer  do »3t  take  up  morespace  than  one  part 
of  water ;  since  it  is  13^  times  h^yier  than  water. 

12.  Determination  ef  Specific  Gravify. — Esmerimemt, — ^To 
di^rmine  the  specific  grayity  (the  density)  or  a  fluid,  ayial 
is  weighed,  then  filled  with  water,  axid  i^i»n  wd^ed.  This 
giyes  the  weight  of  the  water*  Now  pour  out  the  water,  aoid 
refiU  the  yial  either  wkh  spirit,  syrup,  lye,.beer,  or  some  otibor 
liquid,  and  ascertain  by  the  balance  the  weight  of  each.  Then 
divide  the  wdght  of  each  c^  theae  fluids  by  the  weight  of 
the  water,  and  the  quotient  indicates  the  i^ecific  w^ght. 
It  is  very  convmient  to  use  a  vial  made  to  contain  esax^ 
1000  grains  c^  water,  as  then,  without  any  calcuh^oo,  the 
munb^  of  grains  which  «idi  a  vial  contains  c^  any  liquid 
expresses  its  spedfic  weight. 

13.  Experiment, — ^Weigh  a  bottle  filled  wit^  wat^r;  tiien 
place  a  hdf-ounce  wdght  on  i^e  paai  whidi  holds  the  weights, 
and  by  the  side  of  ^  bottle  nails  enai^  to  a^usrt  the 
beam.  Eemove  both  the  nails  and  the  bottle  from  the  pan, 
and  put  i^e  nails  into  the  boti^.  A  bulk  c^  wat^r  wiu  be 
displaced  equal  to  that  <^  the  naila ;  to  determine  its  amount, 
unlace  the  bottle,  afber  it  has  been  thoroughly  wiped  on  the 
outside,  upcm  the  pan,  and  remove  weighte  from  the  other 
pan  until  tiie  equipoise  is  restored.  The  wights  taken  away 
(about  ^  grains)  form  the  divisor,  and  the  half-ounce,  or 
240  graibis,  the  dividend ;  the  quoti^it  ^  =  7.5,  is  the 
specific  gravity  of  iron,  of  which  the  nails  were  made. 

14.  Eamervment, — If  we  have  to  determii^  the  spedfic 
gravity  of  a  piece  of  iron,  or  of  any  other  body  which  can- 
not be  put  into  a  bottle,  it  must  be  fastened  by  a  pieee  of 
fine  thiead  to  the  pui  of  a  common  balutee  (Fig.  3,  6),  the 
cords  of  this  pan  having  been  previously  shortened.  Weigh 
the  body  first  in  air,  and  then  in  water,  komersing  it  an  inch 
deep,  when  it  is  immersed,  the  opposite  pan  feUft ;  conse- 
euentl;^  iron  must  be  lighter  in  the  water  than  in  the  w. 
i£  the  iron  in  the  air  weighed  luJf  an  ounce,  then,  in  order 
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to  restore  tlie  equiH- 
brium,  it  will  be  neces- 
sarj,  as  in  tbe  former 
experiment,  to  remoye 
from  the  pan  a  82  grains^ 
equal  to  the  weight  of 
the  bulk  of  water  dis- 
placed by  the  iron.  The 
loss  of  weight  is  the 
same,  whethw  the  water 
be  remored  from  the 
yessel  dr  merely  dis- 
placed within  it.  This 
forms  the  divisor,   and 

240,  the  weight  of  the  iron  in  the  air,  the  dividend,  giving 

the  quotient  y^  =  7.5. 

15.  Every  substance  becomes  as  much  lighter  in  water  as 
the  quantity  of  water  displaced  weighs ;  this  is  a  law  of  ni^ 
tore.  If  it  displaces  less  water  thm  its  weight  in  the  air,  it 
sinks ;  if  mcnre,  it  floats,  "Even  very  heavy  bodies  can  be 
made  to  float  by  increaang  iheir  volume;  ships  are  con- 
structed of  iron,  although  it  is  eight  times  li^avier  than 
water;  a  tumbler  floats  upon  water,  and  yet  the  specific 
gravity  oi  glass  is  from  three  to  four  times  greater  than 
that  of  water.  A  thick  piece  of  iron,  weighing  half  an  ounce, 
k)8e8  in  water  nearly  one-eighth  of  its  weight ;  but  if  it 
is  hamm^ed  out  into  a  plate  or  vessel  of  such  a  size  that  it 
occupies  eight  times  as  much  space  as  before,  it  then  loses 
its  whole  weight  in  water,  and  will  float,  sinking  just  to  the 
brim.  If  made  twice  as  large,  it  will  displace  one  ounce  of 
wacter — consequ^itly  twice  its  own  weight ;  it  will  then  sink 
to  the  middle,  and  can  be  loaded  with  half  an  ounce  weight 
before  sinking  entirely. 

16.  Areometer,  or  JlydroTnefer. — ^The  same  body  will  sink 
to  a  greater  or  less  depth  in  different  liquids-deeper  in  the 
Hghter  ones,  and  not  so  deep  ia  those  which  are  dens^. 
This  has  suggested  a  very  convenient  instrument  for  deter* 
mining  the  specific  gravity  of  liquids — ^the  h/drometer,  or 
areomet&r.  This  instnnnent  consists  of  a  hollow  glass  tube, 
made  as  repres^ited  in  !Fig.  4.  The  interior  is  hollow,  and 
bk>wn  out  into  a  bulb  at  ihe  lower  end,  to  cause  it  to  float ; 
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tbe  under  part  is  loaded  with  quicksilver  or  sbot,  to  give  it 

a  vertical  position.    The  narrow  tuhe  serves  to  denote  the 

Fig.  4.       depth  to  which  it  sinks  in  any  liquid,  by  means 

of  a  scale  of  degrees,  with  which  it  is  fiinished. 

Tliere    are  various  instruments   of  this  kind, 

especially  adapted  for  determining  the  density 

of  spirits,  brandy,  oil,  lye,  syrup,  &c.     K  a  hy- 

^H  g      drometer  for  weighing  spirits  is  put  into  water, 

'ML     J  _    it  sinks  only  to  the  lowest  point  on  the  scale  0° 

1 1    m^lk  i^^'  ^'  ^)  '  ^^^  ^  ^^^  strongest  alcohol,  which 

1 1    K   9  is  much  lighter  than  water,  it  sinks  to  the  high- 

U     )Wr    est  point,  100°.   A  scale  for  testing  lye  (Fig.  4,  h) 

cCTf      ^¥     must,  on  the  contrary,  have  the  0°  point  at  the 

^        ^     top  of  the  scale,  to  which  it  would  sink  in  pure 

water;  for,  lye  being  heavier  than  water,  the  instrument 

would  be  more  or  less  buoyed  up  in  it,  according  to  its 

strength.     In  hydrometers  for  lighter  liquids,  the  degrees 

proceed  from  the  bottom  to  the  top ;  in  those  for  heavier 

liquids,  from  the  top  downwards.     !ui  most  of  these  scales 

the  degrees  are  arbitrary;  and,  in  order  to  convert  them 

into  the  corresponding  specific  numbers,  tables,  constructed 

for  the  purpose,  must  be  referred  to. 

17.  JEa^eriment, — Pour  brandy  into  a  cylindrical  jar,  and 
observe  the  degree  which  it  marks  on  the  hydrometer ;  then 
put  it  in  a  warm  place,  and,  when  lukewarm,  again  note  the 
degree,  which  will  be  higher  than  before,  as  the  heat  has 
expanded  the  liquid,  made  it  lighter,  and,  consequently,  ap- 
parently stronger  than  it  really  is.  (§  22.)  The  spe- 
cific gravity  of  all  bodies,  when  warmed,  is  less  than 
when  cold.  On  this  account,  in  determining  the 
density  of  bodies,  regard  should  be  paid  to  their  tem- 
perature, and  it  has  been  agreed  to  consider  60°  !F. 
(15°  C.)  (§  24)  as  the  mean  temperature. 

In  the  more  accurate  hydrometers,  the  mercury 
serving  as  the  coimterpoise  has  been  ingeniously  con- 
trived also  to  indicate  the  degree  of  heat  of  the 
liquid,  by  connecting  with  it  a  graduated  tube.  The 
small  scale,  a  (Fig.  5),  denotes  the  temperature,  the 
long  scale,  J,  the  density.  The  small  scale  is  fre- 
quently so  constructed,  that  the  degrees  correspond 
to  those  on  the  long  scale,  and  in  order  to  guard 
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against  error  it  is  only  necessary  to  add  the  degrees  below 
the  mean  temperature  to  the  density,  or  to  subtract  from 
the  density  those  above. 

Gold  is  nineteen  times,  and  silver  ten  times,  heavier  than 
water ;  gold  alloyed  with  silver  must,  therefore,  have  a  less 
specific  weight  than  pure  gold.  The  specific  weight  of  brass 
is  only  =  8.  Alcohol  and  ether  are  lighter  in  proportion  to 
their  purity  and  strength,  while  lye,  syrup,  the  acids,  Ac, 
increase  in  density  according  to  their  purity.  Hence  it  is 
evident  how  important  it  is,  in  many  cases,  to  know  the  spe- 
cific gravity  of  a  body  in  order  to  judge  of  its  quality. 


THE  ANCIENT  DIVISION  OF  THE  ELEMENTS. 

18.  Matter  and  Forces, — ^As  we  discern  in  ourselves  the 
visible  hodi/y  and  its  ruler,  the  invisible  spirit,  so  we  recog- 
nise in  external  nature  bodies  which  we  can  handle  and 
weigh,  and.  forces  or  ^ower«  ruling  these  bodies  and  having 
no  weight. 

19.  Aggregation, — The  innumerable  natural  bodies  which 
we  meet  with  on  the  earth  may  be  divided  into  three  great 
classes ;  they  are  either  solid,  liquid,  or  aeriform,  and  each 
of  these  states  in  which  bodies  exist  is  called  its  state  of 
aggregation. 

Cohesion, — ^To  divide  a  piece  of  ice  into  smaller  fragments, 
a  greater  force  is  requisite  than  to  separate  water  into 
minute  portions ;  whence  we  infer  that  the  particles  of  the 
solid  ice  adhere  more  strongly  than  those  of  the  fluid 
water.  A  certain  attracting  power  is  regarded  as  the  cause 
of  this  difference ;  it  acts  on  the  very  smallest  particles  of 
matter,  and  is  called  cohesion,  or  homogeneous  attraction. 
In  solid  bodies,  cohesion  is  stronger  than  in  liquids,  and  in 
aeriform  bodies  hardly  a  trace  of  it  can  be  perceived. 

The  Ancient  Elements,  so  called, — Of  solid  bodies,  the 
most  widely  diffused  is  earth ;  of  liquids,  water ;  and  of  the 
aeriform  bodies,  air.  Erom  this,  the  ancient  philosophers 
concluded  that  all  solid  matter  was  formed  of  earth,  all 
liquids  of  water,  and  aeriform  bodies  of  air ;  on  this  account 
they  called  them  element^  or  ^rvmary  matter.    They  cannot 
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now  be  regarded  as  such  in  a  d^micfd  point  of  yiew,  since 
tbey  have  been  decomposed  into  still  more  simple  bodies ; 
but  tbey  may  be  viewea  as  physical  elements,  that  is,  as  types 
of  the  three  aggregate  states  of  bodies. 

20.  We  have  no  absolute  knowledge  of  the  fcnrces  of  na- 
ture, they  having,  as  it  were,  a  spiritual  existence.  We  are, 
neyertheless,  as  firmly  conyinced  of  their  reality  as  we  are  of 
the  reality  of  our  own  spirit,  for  we  know  l^eon  hj  their  phe- 
nomena and  effects.  A  piece  of  iron,  on  bdng  thrown  into 
the  air,  falls  to  the  ground,  which  is  ascribed  to  the  power  of 
gravitation ;  if  eirposed  to  a  moist  atmosphere,  it  rosts ;  that 
IS,  it  unites  with  the  oxygen  of  the  air ;  this  is  the  result 
of  chemical  force,  and  the  force  of  electricity  can  free  the 
iron  again  from  this  union.     By  tbe  force  of  magnetism,  a 

Eiece  of  iron,  when  balanced  on  a  pivot,  takes  a  direction 
•om  uOTth  to  south ;  by  the  force  of  heat  it  can  be  melted, 
^.,  &c.  Erom  this  it  appears  that  there  are  various  forces, 
but  it  is  not  improbable  that  they  bave  one  common  origin, 
in  the  same  way  that  all  the  different  powers  of  the  mind, 
will,  imagination,  judgment,  &c.,  are  afl  referred  to  one  single 
spirit. 

Fire,  the  fourth  of  the  old  elements,  may  be  regarded  as 
the  symbol  of  these  forces.  This  also  m&  lost  its  place 
among  the  chemical  elements,  since  it  is  merely  a  pheno- 
menon of  chemical  processes  affording  light  and  beat. 

Of  these  ancient  elements,  fire  (heat),  water,  and  air,  play 
an  important  part  in  most  chemiccd  experiments ;  heat  being 
influential  in  promoting  chemical  cbanges,  and  water  being 
Ae  most  usual  solvent  of  solid  and  aeriform  bodies.  The  air 
deserves  considCTation  in  all  cases,  for  almost  all  chemical 
experiments  are  performed  in  it,  and  it  may  exert  injurious 
or  beneficial  effects  upon  them.  These  three  so-called  che- 
mical elements  will,  therefore,  first  be  more  particularly  cen- 
tered. 


WATEE  AND  HEAT. 

21.  Watbe  covers  about  throe  ^piarters  of  tie  surfiace  of 
the  globe;  it  exists  sometimes  solid,  as  at  the  poles,  and 
sometimes  fluid,  as  in  warmer  regions.    In  the  form  of  rivers 
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it  interseets  tke  land  in  all  direetiomi ;  wliile  it  nses  in  yi^onr 
into  the  air,  and^  foiming  douds,  returns  in  rain  to  the  eartk 
Hence  we  find  it  in  nature  in  all  three  states  of  aggregation, 
and  it  is  ohyious  that  these  external  difTer^ices  are  caused  by 
the  agency  o£  Jkeat,  Henoe  water  is  pecuHarty  well  adapted 
to  aerve  as  a  study  of  the  most  important  eEects  of  heat. 

EZPAKSIOir  BY  HEAXy  AJSTD  THEBMOICETEB. 

22.  ^b^ottsion  <>f  Idqwick. — Mpperimeni, — Counterpoise  a 
flask, — ^that  is,  place  it  on  one  oi  the  pans  of  a  balance  and 
equipoise  it  by  weights  or  shot  put  into  the  opposite  i>an; 
Fig.  6.  *^®^  ^  ^*  ^"^  water,  and  note  the  weight 

ofthelatt^.  Warm  the  flask  on  a  tripod 
over  a  comnKm  spirit-lamp,  moving  it 
round  g^iily  at  first,  that  the  flask  may 
beat  gradually.  Tke  water  will  soon 
nse,  and  part  of  it  run  oyer.  When 
it  he^DB  to  boil,  remove  the  lamp  and 
let  the  veaael  cool,  and  the  water  will 
thea  amk  lower  than  it  stood  before. 
How  much  has  been  displaced  is  found 
by  ita  loss  in  weight ;  it  wiU  amount  to 
about  ^  of  the  firat  weight. 
The  burning  spirit,  or  alec^l,  heats  the  bottom  of  the 
^^s  vessd,  which  in  its  turn  communicates  heat  to  the 
water.  The  heat  expands  the  water,  consequently  it  occupies 
a  greater  snaee  than  before,  and  part  of  it  must  run  over. 
Hence  it  fc^ws  that  warm  wat^  must  be  lighter  than  cold 
wat^.  If  a  pitdier  filled  with  two  pounds  of  ice-cold  water 
be  a&erwarda  filled  with  bcoling  water,  it  will  weigh  about 
aa  ounce  and  a  half  less. 

The  smne  occurs  with  all  oth^  liquids,  and,  indeed,  also 
with  solids  and  gases:  hence,  it  may  oe  stated  as  a  natural 
law,  that  all  hod^  €g!pand  hf  heat,  and  contract  on  coding. 
But  the  amount  of  eipaasion  is  v^  different  in  different^ 
bodies  tdb  the  aame  tcanperature ;  alcohol,  for  example,  ex- 
pai^  two  actd  a  half  times  more,  mercury  two  ana  a  half 
times  less,  than  water.  When  fluids  are  to  be  bought  and 
sold  bj  meanire,  an  advailtageous  application  may  l^  made 
<^  this  principle.  If  a  hundred  measures  of  brandy  t^ 
alcohol  are  ptuNdueed  in  hc4;,  and  sold  in  odd  weather,  tiiere 
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will  be  a  loss  of  four  or  five  measures ;  therefore  we  should 
gain  by  buying  in  winter  and  selling  in  summer. 

23.  Ea^eriment — ^In  order  to  observe  more  accurately  the 

expansion  of  water  by  heat,  adapt  to  a  flask  a  cork, 
^*  '  I  rendered  so  soft  by  gently  strikmg  it  with  a  piece 
of  wood  that  it  may  be  exactly  fitted  to  the  open- 
ing by  mere  pressure ;  perforate  the  cork  with  a 
roimd  file,  and  make  the  hole  just  Iwge  enough  to 
admit  a  glass  tube.  Eill  the  flask  with  water,  so 
that,  when  the*  cork  is  firmly  pushed  in,  the  water 
shall  stand  at  about  a  (Fig.  7),  and  lieat  it  as  in 
the  former  experiment. 

The  water,  which  in  the  former  experiment  was 
displaced  from  the  fiask,  now  rises  in  the  tube,  and 
this  higher  in  proportion  to  the  smaUness  of  its 
bore.  By  this  means  very  slight  changes  of  space 
are  rendered  visible,  and  these  deviations  may  be 
applied  to  the  measurement  of  heat.  This  is  done 
by  particular  instruments  called  thermometers. 

24.  Thermometer, — "Water  might  be  employed  for  mea- 
suring heat,  by  marking  the  boilmg  and  freezing  points,  and 
graduating  the  intervening  space ;  but  mercury  is  far  better 
adapted  to  the  purpose,  as  it  boils  and  freezes  at  greater 
extremes  of  temperature,  and  becomes  hot  and  cold  more 
quickly ;  hence  it  more  quickly  denotes  the  variations  of  heat 
and  cold. 

The  vessel  containing  the  mercury  may  also  be  regarded 
as  consisting  of  a  fiask  and  tube,  but  which,  instead  of  being 
joined  by  a  cork,  are  composed  of  one  entire  piece.  Having 
introduced  into  it  a  sufficient  quantity  of  mercury,  and  sealed 
the  open  end  by  ftision,  it  is  immersed  in  melting  snow,  and  the 
point  to  which  the  quicksilver  falls  is  laarkedjreezina  point  j 
that  to  which  it  rises  in  boiling  water,  loilingpoint.  The  space 
between  these  two  points  can  now  be  divided  into  degrees, 
to  form  the  scale.  The  degrees  below  the  freeziag  point 
must  be  of  the  same  dimensions  as  those  above.  There  are 
several  scales  in  use,  though  it  is  to  be  regretted  that  more 
than  one  has  been  adopted.  The  most  common  are  the  three 
following: — Beamnur's  (R.),  divided  into  eighty  degrees ;  the 
centigrade  of  Cehius  (C.),  into  one  hundred;  and  Fahren-^ 
heifs  (F.),  into  one  hundred  and  eighty  degrees.    The  dif- 
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ference  betwe^i  these  can  be  easily  seen  in  the  annexed 
figure. 
Aecording  to  S.  water  freezes  at  0^  and  boik  at  80° ;  ac- 


Fig.  8. 


cording  to  C.  it  freezes  at  0^,  and  boils 
at  100° ;  aceording  to  E.  it  freezes  at 
+32°,  and  boils  at  212°. 

Fi^enkekf  a  philosophieal-instro- 
I  ment  maker,  commenced  reckoning, 
very  strangely,  not  at  the  freezing 
point,  but  at  32°  below  it.  His  scale 
IS  still  in  common  use  in  England^ 
and  the  high  numbers  found  in  Eng- 
lish works  are  thus  accounted  for. 
In  Germany,  Beaumur*  8  tlaermometex 
is  used,  except  for  scientific  puiposes, 
when  the  CenU^rtide^  in  common  use 
in  Erance  also,  is  emplcr^ed.  I^t  df 
I  Eahrenheit  has  been  adopted  in  this 
work.  In  order  to  compare  these  l^ermometers  with  each 
other,  it  need  only  be  remembered  that  4°  B.  are  as  large  as 
5°  C.  or  9°  E.  In  reducing  the  degrees  of  Fahrenheit's  scale 
abore  32°  to  those  of  the  Centigrade,  the  number  of  degree^ 
aboye  or  bdlow  32°  must  be  multiplied  by  5  and  the  product 
divided  by  9.  And  to  reduce  those  of  Fahrenheit  to  Eeaumur, 
the  number  of  degrees  above  or  below32°must  be  multiplied  by 
4  and  divided  by  9.  To  the  degrees  above  0°,  the  sign  -f  is  pre- 
fixed or  understood ;  to  those  below,  the  sign  —  is  invariably 
added. 

A  cylindrical  thermometer,  graduated  to  572°  E.,  is  best 
Fig.  9.  suited  for  chemical  experiments ;  as  shown  in  the  an- 
nexed figure,  because  it  can  be  easily  adapted  to  a 
perforated  cork,  and  then  fitted  to  a  flask,  in  which 
Uquids  are  to  be  heated  to  a  certain  temperature. 
The  de^ees  above  the  boiling  point  are  to  be  divided 
off  at  distances  equal  to  those  below. 

25.  Quicksilver  freezes  at  —40°  E.  (—40°  C.)  In 
the  northern  regions  of  the  earth  a  degree  of  cold  of 
—^8°  E.  (—50°  C.)  has  been  observed,  and  by  arti- 
ficial  means  the  temperature  can  be  lowered  to 
—148°  E.  (—100°  €.)  When  great  degrees  of  cold 
aire  to  be  measured,  alcohol  is  used  in  the  construo- 
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tion  of  tliis  instrument,  aa  it  does  not  congeal  at  — ^148°  P. 
(_100°  0.) 

26.  Quicksilver  boils  at  680°  P.  (360°  C.) ;  therefore  its 
use  must  be  limited  to  temperatures  below  this  point.  The 
high  temperatures  attending  ignition  are  measured  by  the 
expansion  of  bars  of  platinum,  a  metal  which  does  not  melt 
even  in  the  hottest  furnace.  Such  an  instrument  is  called  a 
pyrometer.  By  means  of  lenses,  and  by  chemical  action,  a 
degree  of  heat  of  more  than  3632°  P.  (2000°  C.)  may  be  pro- 
duced. 

27.  JExpaniion  of  Solids, — K  an  iron  vessel,  when  cold,  is 
just  large  enough  to  pass  through  the  door  of  a  furnace,  it 
cannot  be  removed  from  it  when  heated.  The  iron  bands  or 
tires  of  carriage-wheels  are  applied  while  red-hot  to  the 
frame,  and  on  cooling  they  contmct  and  bind  the  wood-work 
together  with  great  force.  A  metallic  disk,  which,  when  red- 
hot,  fits  exactly  into  a  circular  box,  will,  on  cooling,  become 
loose,  and  shake  in  it.  The  tire  and  the  disk  both  become 
smaller  on  cooling.  These  examples  show  that  solids  also  are 
expanded  by  heat  and  contracted  by  cold,  and  etplain  many 
of  the  phenomena  of  common  life.  Clocks  go  faster  in 
winter,  and  slower  in  summer,  because  tlie  pendulums  elon- 
gate in  summer,  and,  consequently,  vibrate  slower ;  while  in 
winter  they  become  shorter,  and  vibrate  more  rapidly.  A 
piano  gives  a  higher  tone  in  a  cold  than  in  a  warm  room,  on 
account  of  the  contraction  of  the  strings.  A  nail  driven  into 
the  wall  becomes  loose  after  a  time,  because  the  iron  expands 
in  summer  and  contracts  in  winter  more  than  the  stone  or 
the  wood,  and  thus  the  opening  is  gradually  enlarged.  For 
this  reason,  in  the  construction  of  railroads,  the  rails  must 
not  be  laid  too  close  together ;  in  the  arrangement  of  steam- 
pipes,  these  must  not  be  too  firmly  inclosed ;  in  roofing,  the 
zinc  plates,  instead  of  being  nailed  together^  must  overlap 
each  other,  that  they  may  neither  tear  nor  warp  on  alternate 
contraction  and  expansion. 

Brittle  bodies,  as  glass  and  porcelain,  expand  or  contract  so 
rapidly,  by  sudden  heating  or  cooling,  that  they  break. 

JSameriment, — ^Wind  round  a  vial  two  bands  of  paper,  a 
and  5,  Kg.  10,  and  secure  them  firmly  with  thread;  pass 
a  piece  of  string  round  the  vial,  between  these  folds  of 
paper,  and  move  the  vial  quickly  to  and  fro  on  the  string 
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until  the  latter  breaks.  Then  immediately  pour  cold  water 
upon  the  place,  and  the  glass  will  break  as  evenly  as  if  cut. 
y.  ^Q  The  sharp  edges  can  be  removed  with  a  file. 
In  this  manner,  common  vials  and  eau-de- 
Cologne-  and  even  larger  bottles,  may  be 
converted  into  vessels  adapted  to  chemical 
and  other  purposes. 

It  is  well  known  that  heat  is  produced  by 
the  friction  of  two  bodies  upon  each  other; 
that  by  sliding  quickly  down  a  line  or  a  pole 
by  the  hands,  these  will  be  burnt ;  and  that 
rapid  motion  wiU  ignite  the  axles  of  a  car- 
riage, unless  they  are  weU  greased.  Thus,  in 
the  above  experiment,  the  friction  produced  great  heat  in 
the  glass,  the  string  emitted  a  burnt  odour  and  broke,  and 
great  expansion  of  the  glass  was  produced.  When  the  outer 
surface  was  suddenly  cooled  by  the  cold  water,  the  expanded 
particles  at  once  contracted,  and  more  rapidly  in  the  external 
particles  than  in  those  of  the  inner  surface,  causing  the  frac- 
ture of  the  glass,  and  the  more  easily  the  greater  its  thick- 
ness. If  the  temperature  had  been  slowly  reduced,  it  would 
not  have  broken. 

Thus  it  is  obvious  (a)  that  glass  and  porcelain  vessels  in- 
tended for  sustaining  high  temperatures,  such  as  flasks, 
alembics,  retorts,  capsules,  &c.,  should  be  thin,  particularly 
at  the  bottom ;  and  (h)  that,  when  used,  they  should  always 
be  gradually  heated  and  cooled. 

The  above  method  of  heating  glass  by  a  piece  of  string  fur- 
nishes the  chemist  with  a  simple  expedient  for  removing 
stoppers  which  are  too  firmly  fixed  in  the  bottles  to  be  taken 
out  by  turning  or  tapping  them.  AH  that  is  necessarr  is  to 
wind  a  piece  of  thick  string  round  the  neck  of  the  bottle,  and 
move  it  quickly  until  sufficient  heat  has  been  produced  to 
loosen  the  stopper. 

No  two  solids  eimand  alike ;  the  metals  expand  the  most, 
and  aU  solids  less  than  fluids. 

The  expansion  of  gaseous  bodies  will  be  considered  under 
the  head  of  air.     (§97.) 

28.  Expansion  hy  Cold, — ^A  remarkable  exception  to  this 
law  of  expansion  by  heat  and  contraction  by  cold  occurs  in  the 
case  of  water. 

*  o2 
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Fig.  11. 


JEkcjperiment, — ^A  large  flask  is  arranged  as  directed  in  er- 
periment  23,  but  inserting  a  cylindrical 
thermometer,  «,  through  a  second  hole 
made  in  the  cork,  l^e  flask  is  filled 
with  water  to  the  top  of  the  tube  J,  and 
placed  in  a  vessel  filled  with  snow.  A 
strip  of  paper  may  be  pasted  on  this 
tube,  upon  which  the  level  of  tiie  water 
may  be  marked  as  the  thermometer  falls. 
The  water  as  it  cools  wiU  sink  in  the 
tube  until  the  mercurjr  stands  at  40°  P. 
(4°  C.) ;  yet,  on  cooling  still  more,  it 
does  not  fall  any  farther,  as  we  should 
expect  it  would,  but,  on  the  contrary,  it 
begins  to  rise  again,  and  continues  to  do 
so  till  it  reaches  the  freezing  point.  At 
32**  P.  (0°  C.)  it  stands  at  the  same  point 
as  when  its  temperature  was  at  46°  F, 
(8°  C.)  Water  is  accordingly  most  dense  at  40°  P.  (  +  4°  C.)  -, 
all  other  liqmds  continue  to  increase  in  density  as  they  cool. 

29.  However  unimportant  this  exception  may  appear  at 
first,  our  admiration  must  be  the  greater  when  we  reflect  upon 
its  consequences.  "Were  it  not  fortius,  our  country  would  Imve 
the  climate  of  Greenland.  The  freezing  of  our  waters,  as  the 
winter  sets  in,  is  principally  owing  to  the  coldness  of  the  at- 
mosphere. Consequently,  the  upper  part  of  the  water  is 
colder  and  heavier,  and  sinks  to  the  bottom;  the  warmer 
water  ascends,  becomes  cold,  and  also  sinks.  If  the  water 
continually  became  denser,  to  its  freezing  point,  this  circula- 
tion would  continue  tiU  the  whole  mass  of  water  to  its  greatest 
depth  reached  32°  E.  (0°  C),  and  a  few  cold  days  would  suf- 
fice to  convert  all  our  ponds,  lakes,  and  rivers  into  ice.  This 
does  not  happen,  because  the  circulation  ceases  when  its  tem- 
perature has  fallen  to  40°  !F.  (4°  C),  when  the  water,  though 
yet  colder,  becomes  lighter,  and  floats  on  the  surface.  Thus, 
freezing  can  only  take  place  at  the  surface,  and  the  ice  be  but 
graduaUy  formed.  At  a  small  depth  below  the  ice  the  water 
always  retains  the  temperature  of  40°  !P.  (4°  C.) 

MELTUSra  on  SOLIDS. 

30.  The  expansion  of  bodies  is  the  first  general  eflfect  of 
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teat ;  but  in  solid  bodies  anotbear  effeet  is  observed;  thej 
cbange  tbeir  state  of  aggregation,  tbey  become  liquid,  tbej 
meli.  Many  of  tbem  become  s<^  heSoire  meltmg,  so  that  thej 
can  be  kneaded;  for  instance, butter,  fi;lass,  and  iron ;  in  tbia 
condition,  glass  can  be  bent  and  moulded  like  wax,  and  irooi 
canbefor^d. 

JEaperimetU. — ^Hold  a  piece  of  a  small  g^ass  tube  in  the 
upper  part  <^  the  flame  of  a  spint-lamp,  revolYing  it  slowly 
between  the  fingers ;  when  red-hot,  it  will  be  so  soft  that  it 
can  be  bent  into  anj  shape  desired.  Thus  are  easily  formed 
any  of  the  numerous  bent  tubes  required  in,  chemical  expm- 
ments.  Pcht  softening  larg^  tubes,  a  lamp  with  a  double 
current  of  air  mujE^  be  used,  as  this  gives  a  much  strongs 
heat  than  the  simple  Ifunp.  To  break  a  glass  tube,  a  scratch 
is  made  upon  it  with  a  three-cornered  file,  at  the  place  to  be 
broken,  and  then  it  can  be  parted  by  gently  bendmg  it  with 
both  bands. 

Most  solid  bodies  become  suddenhflmd,  as  ice,  lead,  &c. 

31.  EaperimeiU. — Place  one  yessel  containing  snow  or  ice^ 
and  another  ccmtaining  a  pieee  of  a  tallow-ean£e,  on  a  warm 
store,  dipping  a  thermometer  from  time  to  time  into  the  melt- 
ing substances ;  the  temperature  will  remain  stationary  in  the 
first  vessel  at  32°  P.  (0°  C),  in  the  o^&c  at  about  100°  F.  (38° 
C),  so  long  as  any  ice  or  tallow  remains  unmelted,  but  when 
the  melting  is  complete  it  will  commence  rising.  The  degree  of 
heat  at  whidi  a  bocLy  melts  is  called  its  melting  paint.  Every 
substance  has  its  own  melting  point,  sometimes  above  and 
sometimes  below  the  freezing  pcnnt;  for  exam^,  lead  melts 
at  above  572°  P.  (300°  C),  silver  at  above  ISOO^F.  (1000  C.) ; 
solid  quicksilver  at  — iO°  P.  (—40°  C.)  If  the  two  vessels 
containing  the  melted  ice  and  the  melted  tallow  are  placed 
in  the  coM,  it  will  be  observed  that  the  tallow  soon  hardens 
st  about  95°  F.  (35°C.),  bat  the  water  does  not  until  the 
mercury  has  fallen  to  32°  F.  (0°  C.)  Thus  the  congelation 
of  fluids  takes  place  at  about  the  same  temperature  as  that 
at  which  they  pass  from  the  solid  to  the  fluid  state. 

Many  substances,  charcoal  ior  instance,  have  never  yet  been 
melted,  and  others  have  never  been  frozen,  as,  for  instance, 
alcohol ;  but  it  is  very  probable  that,  when  some  method  of 
producing  still  greater  degrees  of  cold  and  heat  is  discovered. 
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we  shall  succeed  in  rendering  all  solid  bodies  liquid,  and  all 
liquids  solid. 

32.  Latent  Heat — ^Experiment, — Put  two  vessels  of  equal 
size  on  the  top  of  a  warm  oven,  one  of  them  containing  a 
pound  of  snow  at  32°  E.  (0°  C),  and  the  other  a  pound  of 
water  at  32°  F.  (0°  C.) ;  when  the  snow  is  melted,  remove 
them  both.  By  the  touch  merely  it  will  be  perceived  that 
the  snow-water  is  still  cold,  while  the  water  in  the  other 
vessel  has  become  warm ;  and  the  thermometer  will  indicate 
that  in  the  former  the  temperature  is  at  32°  F.  (0°  C),  in  the 
latter  at  167°  F.  (75°  G.)  As  both  vessels  have  received 
equal  degrees  of  heat,  and  when  placed  upon  the  oven  were 
of  the  same  temperature ;  the  question  suggests  itself.  What 
has  become  of  the  167°  of  heat  imparted  to  the  vessel  fiUed 
with  snow  ?  The  reply  is,  This  heat  has  been  absorbed  by 
the  snow,  thus  converting  it  into  a  fluid, — melting  it. 

Eccperiment — Put  one  pound  of  snow  at  32°  F.  (0°  C) 
into  the  vessel  containing  the  water  heated  at  167°  F.  (75*^ 
C),  and  then  examine  it  with  the  thermometer ;  as  soon  as 
all  the  snow  has  disappeared,  the  quicksilver  will  fall  to  the 
freezing  point.  Consequently,  the  snow  has  taken  from  the  hot 
water  167°  F.  (76°  C.)  of  heat,  and  has  thus  become  liquid. 

33.  I^xperiment, — This  heat  has  by  no  means  been  annihi- 
lated in  the  water,  but  is  concealed  there  (latent),  and  con- 
tinues thus  hidden  as  long  as  the  water  exists  in  a  fluid  state. 
But  it  will  again  become  free,  or  sensible  to  the  touch,  when 
the  water  assumes  a  solid  form.  This  may  be  rendered  ob- 
vious by  sprinkling  J  of  an  ounce  of  water  upon  1-^  ounce  of 
quick  lune ;  the  lime  swells,  becomes  very  hot,  and  finally 
crumbles  into  a  fine  powder.  If  this  is  weighed  when  cold, 
it  will  be  found  to  have  increased  in  weight  by  half  an  ounce ; 
thus  two  ounces  of  slaked  lime  have  been  produced  from  an 
ounce  and  a  half  of  quick  lime ;  the  quarter  of  an  ounce  of 
water  missing  has  passed  off  as  steam.  The  water  alone  can 
have  produced  this  increase  of  weight  by  combining  chemi- 
cally with  the  lime ;  and  it  can  exist  there  only  in  a  solid- 
state,  as  the  slaked  lime  is  an  entirely  dry  pulverulent  sub- 
stance. This  great  development  of  heat  is  explained  thus : 
partly  because  the  water,  in  becoming  solid,  gives  up  the 
heat  which  it  had  absorbed  in  passing  to  the  fluid  state,  and 
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partly  because  of  the  chemical  combination  between  the  two 
bodies  taking  place  with  great  energy.  A  disappearance  of 
heat  always  ensues  when  solid  bodies  become  fluid;  but  an  evo- 
hUian  of  heat,  on  the  contrary,  when  liquid  bodies  become  solid ; 
and  thus  is  explained  very  simply,  for  example,  why  the  air 
remains  cool  when  the  snow  and  ice  are  melting  in  the  spring, 
and  why  the  weather  moderates  on  the  fall  of  snow. 

That  heat  which  is  felt  by  us,  and  which  is  indicated  by  the 
thermometer,  is  called ^ec  heat;  it  has  but  a  feeble  affinity 
for  bodies,  and  easily  leaves  them  on  cooling.  That  imper- 
ceptible heat  on  which  the  fluidity  of  liquid  bodies  depends, 
and  which  on  freezing  escapes  or  becomes  free,  is  called  latent 
heat.  Hence  a  fluid  may  be  regarded  as  a  combination  of  a 
solid  with  a  latent  heat. 

BOILING  AND  EYAPOEATION. 

34.  Boiling  of  Water. — ^Water,  as  is  well  known,  boils 

when  heated  to  a  certain  temperature. 

Yig,  12.  Experiment, — ^Water,  to  which  some 

sawdust  has  been  added,  is  heated  in  a 
test-tube  over  a  spirit-lamp.  The  tube 
is  held  by  the  upper  part,  and  rotated 
for  some  minutes  between-  the  fingers, 
that  the  flame  may  have  equal  access  to 
aU  the  lower  parts  of  the  tube.  If  the 
water  be  carefully  observed,  it  will  be 
seen  that  the  sawdust  ascends  on  the 
upper  surface  of  the  liquid,  and  descends 

in  the  lower  strata ;  the  warm  water,  becoming  lighter,  rises. 

upwards,  while  the  colder,  consequently  heavier,  water  sinks  ; 

the  water  circulates.     In  consequence  of  this  circulation, 

the  heating  of  fluids  takes  place  more  rapidly  jrhen  the 


Fig.  18. 


heat  is  applied  beneath.  Test-tubes 
are  cylindrical  glass  vessels  with 
rounded  bottoms.  To  prevent  their 
breaking  on  the  application  of 
heat,  the  bottom  must  be  thin, 
and  blown  of  a  uniform  shape.  A 
simple  wooden  rack,  as  in  the  an- 
nexed figure,  serves  as  a  convenient 
stand  for  them. 
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^JaperimetU, — ^Bepeat  the  former  expentater^ 
using  instead  of  the  tube  a  flask,  and  omit  tlie 
sawiSist,  so  that  the  water  may  remain  clear;  in  a 
short  time  numerous  little  bubbles  will  appear  <m 
the  walls  <^  the  flask,  which  will  graduaUy  inereaae 
in  size,  and  rise  towards  the  surfaoe.  These  bub- 
bles consist  of  air,  which  is  expanded  by^  the  heat 
and  expdled  from  the  water.  All  spring-water 
contains  air  in  solution,  and  to  this  is  dndlj  iae 
its  refreshing  taste,  which  is  not  found  in  boiled 
water  or  in  that  which  has  been  standing  for  some 
time.  Afterwards,  when  the  water  has  become 
quite  hot,  larger  bubbles  appear  on  the  hotter 
part  of  the  flask,  which,  also  asc^iding,  become 
smaller,  and  entirely  disappear  before  reaching  the  surface 
of  the  water;  they  consist  of  aeriform  water  (steam),  which 
condenses  as  it  comes  in  contact  with  the  cooler  liquid  aboye. 
The  collapsing  of  the  partides  of  water  at  tlie  places  where 
&ese  steam-bubbles  disappear  occasions  that  peculiar  noise 
which  precedes  boiling,  and  which  is  commonly  called  the 
dngmg  of  the  water.  "When  the  whole  mass  of  water  is 
heated  to  212°  F.  (lOOP'C),  these  bubbles  no  longer  con- 
dense, but  rise  to  the  surface,  where,  surrounded  by  a  thin 
film  of  water,  iiiey  remain  quiescent  for  a  few  seconds,  and 
tiien,  their  watery  mantle  again  sinking,  they  finally  burst. 
This  is  the  hoiling  of  water.  It  boils  at  212^  P.  (100°  C.) ; 
oilier  liquids  boil  mOTe  readily — alcohol,  for  instance,  at 
I7d°  P.  (80°  C.) ;  others  again  more  difficultly — ^mercury, 
to  instance,  at  680°  P.  (360°  C.) 

36.  Stecm. — ^The  spaoB  above  the  boilii^  water  in  the 
interior  of  the  flask  appears  empty,  but  it  is  in  fiact  filled 
with  aeriform  water,  which  has  displaced  the  air  that  was  in 
it.  This  aeriform  water  is  called  steam.  It  is  almost  1700 
times  light«^  than  water,  because  a  measure  of  water  yields 
nearly  1700  measures  of  steam  at  212°  F.  (100°  C.)  Within 
the  flask  the  steam  is  transparent  and  inyisible,  but  in  the 
open  air  it  ascends  in  the  form  rf  white  clouds,  which  greatly 
increase  if  cold  air  is  blown  into  the  flask  by  means  of  a 
glass  tube ;  for  on  cooling,  the  transparoicy  oi  the  yapour  k 
Iwturbed,  on  account  of  lie  formation  <^  drops  of  water,  so 
small  and  light  as  to  float  in  the  air.  Clouds  also  e^Hisiat  of 
this  partly-condensed  yapour.  As  the  condensation  increases. 
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the  drops  become  so  large  and  heavy,  thafc  thej  descend  as 
Qun.  A  thermometer  immersed  in  boiling  water  indicates 
212^  P.  (100''  C.) ;  if  placed  in  the  steam  immediately  above, 
it  shows  the  same ;  and  this  temperature  will  not  rise  higher, 
however  long  the  boiling  be  continued,  or  however  strongly 
ijbd  fiame  of  the  lamp  be  urged.  This  is  similar  to  what 
occurs  in  the  melting  of  snow ;  heat  disappears,  and  its  dis- 
appearance proceeds  frcHu  the  same  cause  in  both  cases; 
steam  requires  heat  for  ita  existence  as  such,  and  is  so  inti- 
mately combined  wri^  it  that  the  excess  is  no  longar  per- 
o^^hle, — it  is  lat^it.  If  watar  may  be  regarded  as  a  com- 
bination of  ice  with  latent  heat,  so  steam  may  be  considered 
as  a  ccHubination  of  ice  with  still  more  latent  h^t ;  which  latt^ 
becomes  &ee  again  on  the  conversion  of  steam  into  water. 

36.  JEjciperimettt. — ^Adapt  the  shorter  limb  of  a  bent  glass 
tube,  by  means  of  a  perfi)rated  cork,  to  the  neck  of  a  flask, 
and  pass  the  longer  limb  to  the  bottom  of  a  beaker-glass  cat 
oomsaon  tumblir.  Four  into  each  of  these  two  vessels  two 
-H    ig  ounces  and  a  half  of 

^'  ice-cold    water,    and 

gradually  heat  the 
lask  upon  a  tripod 
until  it  boils.  Note 
the  time  required  for 
this  operation.  C<h^ 
tinue  the  process  un- 
til the  water  in  the 
beaker-glass  begins  to 
bubble,  and  note  also 
the  time,  which  will 
be  found  the  same  as 
that  required  for  boil- 
ing the  water  in  the 
flask.  The  steam  formed  in  the  flask  has  no  other  outlet 
than  through  the  tube  into  the  water,  where  it  condenses, 
until  the  contents  of  the  second  glass  reach  the  temperature 
of  212°  P.  (100°  C),  and  boil. 

Both  of  the  vessels  m^st  now  be  weighed ;  and  it  will  be 
found  that  the  flask  weighs  half  an  ounce  less,  and  the 
beaker-glass  half  an  oimce  more,  than  before ;  consequently, 
half  an  ounce  has  passed  from  the  former  as  steam,  and  has 
been  condensed  again  in  the  latter ;  and  yet  this  half-ounce 
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of  steam,  wWch  itself  was  not  hotter  than  212°  P.  (100°  C.), 
could  heat  to  the  boiUng  point  two  ounces  and  a  half  of  ice- 
cold  water.  What  is  the  source  of  these  932  additional  de- 
crees of  heat  ?  They  were  latent  in  the  steam,  and,  on  its 
being  condensed,  were  set  free.  These  were  caused  by  the 
heat  of  the  spirit-lamp,  as  must  be  obvious  from  the  above- 
noted  amount  of  time  consumed.  Assumiag  that  the  time 
required  to  boil  the  water  in  the  flask  was  ten  minutes,  and 
also  ten  minutes  for  boiling  the  water  in  the  second  vessel,  it 
follows,  that  the  same  amount  of  heat  which  was  required  for 
heating  two  ounces  and  a  half  of  water  was  only  sufficient  to 
evaporate  half  an  ounce  of  water ;  the  whole  of  the  heat  given 
out  in  the  last  ten  miautes  from  the  spirit-lamp  must  con- 
sequently have  been  converted  into  latent  heat.  If  half  an 
ounce  of  boiling  water  received  dmring  the  evaporation,  the 
amount  of  1060°  of  heat,  then  the  steam  evolved  must  have 
given  off  just  as  much  heat  when  it  again  assumed  a  liquid 
state;  consequently,  it  must  be  able  to  raise  the  temperature 
of  two  ounces  and  a  half  of  water  at  32°  F.  (0°  C.)  to  that 
of  212°  E.  (100°  C.) 

The  property  of  steam  to  absorb  a  large  quantity  of  heat, 
and  to  part  with  it  again  during  condensation,  peculiarly 
adapts  it  for  the  heating  of  other  bodies,  the  burning  of 
them  being  thus  guarded  against,  as  the  heat  of  steam  in 
open  vessels  can  never  exceed  212°  E.  (100°  C.)  Apothe- 
caries avail  themselves  of  steam  in  the  preparation  of  infu- 
sions, decoctions,  and  extracts;  it  serves  for  many  of  the 
processes  of  cookery,  and  for  the  distillation  of  spirits ;  it  is 
employed  in  dyeing  and  bleaching  establishments,  and  is 
often  resorted  to  for  heating  apartments,  buildings,  laun^ 
dries,  &c. 

ABBJFOBIC 
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The  increase  and  decrease  of  heat  produced  by  change  of 
the  state  of  aggregation  bodies  will  oe  made  clear  by  the 
annexed  diagram.  As  the  steam  ascends  in  the  direction  of 
the  arrows  (by  liquefaction  and  evaporation)  heat  becomes 
latent,  and  as  it  descends  (condensation  of  vapour  and  conge- 
lation of  fluids)  heat  is  liberated. 

37.  Aqueous  Vapour. — ^Water  exposed  in  a  vessel  to  the 
open  air  disappears  in  summer  more  rapidly  than  in  winter ; 
the  heat  of  the  air  renders  it  aeriform, — ^it  evwporates.  The 
same  happens  as  in  evaporation  over  the  fire,  only  in  the 
former  case  evaporation  takes  place  without  any  visible 
motion  of  the  water,  owing  to  its  becoming  aeriform,  not 
throughout  the  whole  mass  at  once,  but  upon  the  surface  only. 
The  vapour  rises  in  an  invisible  form  in  the  air.  "Warm  air, 
indeed,  takes  up  more  of  it  than  cold,  but  a  fixed  quantity  of 
it  only  for  each  temperature.  Thus  one  hundred  measures  of 
air  at  32°  F.  (0°  C.)  absorb  two-thirds  of  a  measure  of  vapour ; 
at  60°  E.  (10°  C),  one  measure  and  a  quarter;  at  68°  P. 
(20°  C),  two  and  an  eighth  measures,  &c.  If  the  air  has  not 
absorbed  all  the  vapour  which  it  can,  it  eagerly  takes  up  njore, 
as,  for  example,  when  one  hundred  measures  of  air  at  68°  E. 
(20°  C.)  contain  only  one  or  one  and  a  half  measures  of 
vapour ;  it  is  then  called  dry  air,  and  wet  articles  are  soon 
dried  in  it  by  rapid  evaporation.  But  if  it  be  already  satu- 
rated with  vapour  it  is  called  moist  air ;  and  damp  articles 
cannot  be  dried  in  it,  or  at  least  but  slowly.  If  yet  more 
vapour  be  added  to  this  saturated  atmosphere,  or  if  it  be 
cooled,  then  the  excess  separates  in  visible  particles,  called 
mist  or  fog  when  they  lie  upon  the  surfece  of  the  earth,  and 
clouds  when  they  float  in  the  higher  re^ons  of  the  atmo- 
rohere.  The  white  smoke  which  in  winter  is  seen  rising  from 
tne  chimneys,  the  visibleness  of  the  breath  in  frosty  weather, 
and  the  smoking  of  rivers  in  winter  and  after  a  storm,  are 
phenomena  of  the  same  kind. 

38.  If  the  cooling  of  the  air  is  occasioned  by  a  cold  solid 
body,  the  vapour  is  then  condensed  in  small  drops  of  water,  as 
may  be  observed  on  the  outside  of  a  cold  glass  when  brought 
into  a  warm  room,  and  the  deposit  of  moisture  on  the  inside 
of  our  window-panes,  when  cooled  by  the  external  cold  air. 
The  temperature  at  which  this  occurs  is  called  the  deti>pointy 
signifying  the  temperature  at  which  the  air  is  saturated  with 
vapour. 
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JEofpermetU. — Fill  a  tumbler  one  quarto  full  with  cool 
water,  place  in  it  a  tliermoaneter,  and  at  short  in- 
^^'  ^^'  tervali  gradually  add  ice  or  cold  water,  until  mois- 
ture begins  to  deposit  on  the  outside  of  the  glass. 
Then  observe  the  degree  indicated  bj  the  thermo- 
meter, which  is  the  dew-point.  If  much  cold  wat^r 
must  be  added  before  the  glass  clouds  oyer,  that  is, 
if  the  dew-point  is  much  lower  than  the  temperature 
of  tiie  air,  tair  weather  may  be  expected ;  while,  on 
the  contrary,  if  the  difference  between  the  dew-pcMnt  and  the 
temperature  of  the  air  be  but  slight,  rain  may  soon  be  ex- 
pected, as  then  the  air  requires  but  a  slight  ad(ution  of  mois- 
ture or  increase  of  cold  to  become  saturated.  Instruments 
hj  means  of  which  the  amount  of  moisture  in  the  air  ia 
ascertained  are  called  h/^ometen.  Many  substances  readily 
imbibe  moisture  from  the  ^,  and  become  damp ;  such  bodies, 
for  instance,  as  catgut,  carbonate  c^  potassa,  sulphuric  acid, 
fresh  bairley-sugar,  &c.,  are  called  h/gro^opic, 

39.  JSmpora6i<m  may  be  accelerated,  not  only  by  heat,  but 
also  by  a  current  of  air,  because  by  tlus  means  ihe  air  above 
the  sinrface  of  the  fluid,  which  is  charged  with  vapour,  is 
removed  and  replaced  by  a  drier,  and,  as  it  WCTe,  more  thirsty 
air,  which  takes  up  the  vapour  more  r^idly  and  abundantly 
than  the  former.  Eor  this  reason,  the  ea^h  dries  rapidly 
after  rain,  when  followed  by  a  high  wind,^  and  hence  it  is 
necessary  in  kilns,  laundries,  drying-rooms,  ^,  to  arrange 
them  in  such  a  manner  that  the  air,  when  saturated  with 
moisture,  may  be  constantly  «eplaeed  by  dry  air. 

40.  That  heai  disappears  durinz  slow  as  irdl  as  rapid 
eyaporation  (§  36)  may  be  readify  illustrated  by  the  follow- 
ing experiment. 

JSaperiment, — ^Eill  a  tube  half  full  of  water,  and  &sten 
securely  round  the  bulb  of  it  a  piece  of  wadding ;  saturate  the 
wadding  with  cold  water,  and  th^a  twirl  the  tube  rapidly  be- 
tween uie  hands ;  presently  the  wateir  in  the  tube  will  become 
sensibly  colder,  and  the  degree  of  cold  may  be  accurately  de- 
termined by  the  thermometer.  Moisten  the  wadding  with 
ether,  a  very  volatile  liquid,  and  twirl  it  again  in  the  same 
manner  as  before ;  by  which  means  its  contents,  even  in  sum- 
mer, may  be  converted  into  ice.  Water  evaporates  slowly, 
ether  rapidly ;  and  both  require  heat  tar  their  conyersi(XQ. 
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-.  into  yapcnir,  and  in  tbe  abore  experiment  they  ob- 
^*  '  tain  tins  heat  from  tlie  water  in  the  bulb,  whi<^  is  of 
course  the  reason  of  the  water  becoming  cold.  On 
this  principle,  one  feels  cool  on  just  leaTing  the  bath, 
when  invested  in  damp  garments,  or  when  the  floor 
of  a  hot  apartment  is  sprinkled  with  water.  It  ex- 
plains, also,  how  man  is  enabled  to  support  the  scorch- 
ing sun  of  the  hottest  climates,  and  even  to  endure  a 
Ji  heat  of  212^  E.  (100°  C),  without  his  blood  exceeding 
A\  the  temperature  of  from  100°  P.  (38°  C.)  to  104.°  F. 
VM  (40°  C.)  ;  it  is  owing  to  the  more  copious  perspiration, 
which,  by  evaporation,  renders  aU.  the  heat  above 
104°  F.  (40°  C.)  latent.  If  we  blow  on  hot  soup,  it  is  also 
the  increased  evaporation  which  cools  it  more  rapidly ;  but 
if  we  blow  on  the  cold  hands  in  winter,  they  become  moist  and 
warm,  because  the  latent  heat  contained  in  the  vapour  of  the 
breath  is  set  free,  as  the  vapour  is  condensed  into  water. 

41.  IHgHllation, — If  the  condensation  of  wateiy  vapour  be 
carried  on  in  a  closed  vessel,  the  water  may  be  collected  as  it 
forms. 

Ua^perimmt — ^A  small  glass  retort  is  half  fiUed  with  water, 
J,.    .  g  and  heated ;  the  steam,  as 

*    *  it  forms,  passes  through 

the  neck  of  the  retort 
into  a  glass  receiver,  con- 
tained in  a  vessel  filled 
with  cold  water,  and  is 
there  condensed.  That 
the  refrigeration  may 
take  place  more  rapidly, 
the  receiver  is  covered 
with  coarse  blotting-paper 
which  is  frequently  moistened  with  cold  water.  This  opera- 
tion is  called  distillation  (fifom  distilla/re^  to  drop),  and  the 
pure  water  obtained  is  said  to  be  distilled.  It  is  purer  than 
spring-water,  for  this  reason,  that  the  non-volatile,  earthy, 
and  saline  portions  contained  in  all  spring-water  do  not 
evaporate,  but  remain  in  the  retort,  fey  this  means  also 
Tery  volatile  bodies  can  easily  be  separated  from  less  volatile 
ones ;  as  in  the  distillation  of  brandy,  where  the  more  volatile 
spirit  is  separated  from  the  less  volatile  water.    Copper  stills 
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are  usually  employed  for  distillation  on  a  large  scale,  and  for 
condensers  vats  are  constructed,  holding  serpentine  pipes,  or 
worms,  which  present  a  greater  condensing  surface  than  if  the 
pipe  had  passed  straight  through  the  vat.  The  cold  water 
with  which  the  vats  must  be  filled  is  very  soon  warmed  by  the 
heat  liberated  in  the  condensation  of  the  steam,  and  must 
occasionally  be  renewed  by  leading  off  the  hot  Water  from 
above,  and  letting  in  a  fresh  supply  of  cold  water  beneath. 

DIITUSIOK  OF  HEAT. 

42.  Conduction  of  Heat.  —  JSccperiment,  — A  test-tube, 
Fig.  19.  nearly  filled  with  water,  is  held  over  a 

spirit-lamp,  in  such  a  manner  as  to 
direct  the  flame  against  the  upper 
layers  of  the  water ;  the  water  will  boil 
at  the  top,  but  remain  quite  cold  be- 
low. If  mercury  is  treated  in  a  similar 
way,  its  lower  layers  will  gradually  be- 
come heated.  The  particles  of  mercury 
will  communicate  the  heat  to  each  other,  but  not  so  the 
particles  of  water.  Substances  through  which,  as  in  mercury, 
heat  rapidly  passes,  are  called  good  conductors;  but  bodies 
which  comport  themselves  like  water  are  called  had  con- 
ductors  of  heat.  In  the  former  class  are  included  principally 
the  metals,  and  in  the  latter,  stone,  glass,  wood,  snow,  water, 
and  especially  soft  bodies,  as  cloth,  fur,  linen,  straw,  paper, 
ashes,  &c. 

The  good  conductors  are  readily  heated,  and  soon  become 
cold  again,  as  is  weU  known  to  be  the  case  with  iron  stoves. 
A  piece  of  iron  feels  hotter  in  the  sun  and  colder  in  the 
shade  than  a  piece  of  wood  at  the  same  temperature.  The 
explanation  oi  this  delusion  of  the  sense  of  touch  is,  that 
the  warm  iron  conducts  the  heat  more  rapidly  to  the  hand, 
while  the  cold  iron  withdraws  it  more  rapidly  than  the  wood 
is  capable  of  doing. 

The  lad  conductors  of  heat  become  only  slowly  heated,  and 
also  slowly  cooled;  for  this  reason,  stoves  constructed  of 
brick  (the  Russian  stove)  and  those  made  of  Dutch  tiles,  a 
preparation  of  clay,  retain  their  heat  longer  than  iron  stoves. 
Bad  conductors  are  frequently  employed  both  for  preventing 
the  quick  heating  and  the  quick  coolmg  of  bodies.     Vessels 
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of  glass  and  porcelain  are  placed  on  sand  (a  sand-bath)  or 
ashes,  to  heat  them  gradualLy,  and  thus  g^uard  against  their 
breaking.  If  a  hot  liquid  ia  to  be  ^ured  into  them,  it  must 
be  done  by  small  portions  at  a  tune,  twirling  the  vessels 
round  for  some  minutes  before  adding  more. 

On  removing  vessels  from  the  fire,  the  precaution  should 
be  taken  never  to  place  them  while  hot  on  metal  or  stone, 
but  always  on  some  bad  conductor,  such  as  straw  (straw 
rings)  wood,  paper,  doth,  &c. ;  as  they  are  often  cracked 
by  sudden  cooling  and  contraction,  which  is  frequently  pro- 
duced even  by  a  current  of  cold  air.  Doors  of  furnaces, 
ladles,  &c.,  are  provided  with  wooden  handles,  to  prevent 
those  using  them  from  being  burnt.  Should  a  person  de- 
sire to  hold  a  flafik  or  a  test-tube  while  liquids  are  boiling  in 
them,  he  must  wrap  round  them  several  folds  of  paper,  or 
tie  round  them  a  piece  of  twine,  in  order  that  they  may  serve 
as  a  bad  conductor  between  the  glass  and  his  fingers.  By 
inclosing  substances  in  bad  conductors,  the  entrance  of  cold, 
or,  more  correctly,  the  departure  of  heat,  may  be  prevented ; 
this  principle  is  ulustrated  in  our  method  of  clothmg,  in  the 
protection  given  to  our  wells  and  trees  by  covering  them 
with  straw,  in  the  preservation  of  the  seeds  of  plants  by 
snow,  and  in  numerous  other  phenomena  of  daily  occurrence. 
Hence  bad  conductors  are  frequently  called  preservers  of 
heat. 

43.  Madiation  of  Seat. — ^By  conduction,  bodies  can  com- 
municate or  abstiact  heat  only  when  in  contact.  But  heat 
is  felt  even  at  some  distance  frpm  a  fire  or  from  a  heated 
stove,  and  the  earth  is  warmed  by  the  sun,  although  a  space 
of  millions  of  miles  is  between  them.  This  sort  of  heating 
is  called  radiation  of  heat. 

JSa^eriment,  —  Envelop  three  tumblers  with  paper,  one 
with  silver  paper,  another  with  white,  and  a  third  with  duU 
black  paper,  and  place  them  in  the  sun ;  a  thermometer  will 
indicate  that  the  tumbler  with  the  black  paper  is  heated  the 
most,  and  that  with  the  silver  paper  the  least,  and  yet  all 
these  vessels  have  Ijeen  equally  exposed  to  the  rays  of  the 
Bun.  This  difference  is  explained  on  the  principle,  that  the 
sun's  rays  are  reflected  from  light-coloured  and  shining 
bodies,  whilst  they  are  absorbed  by  those  which  have  a  dul^ 
dark  colour.    From  this  absorption  it  would  seem  that  the 
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ligHt  oi  the  sun's  rays  is  conyerfced  into  heat.  It  explains 
why  black  clothes  keep  ns  warmer  than  white  ones ;  why 
the  snow  melts  more  rapidly  when  soot  or  dark  earth  is 
scattered  upon  it;  and  why  grapes  and  other  fruits  ripen 
quicker  against  daik  walls  thui  against  those  having  a  light 
colour. 

If  hot  watCT  is  poured  into  the  tumblers  enveloped  with 
paper,  and  the  coolmg  of  it  noted  by  the  thermometer,  the 
contrary  effect  will  be  observed ;  the  glass  covered  with  black 
paper  will  first  become  cold;  and  that  wrapped  in  siLver 
paper  the  last ;  because  bodies  with  dull  siurfaces  radiate  the 
heat  more  rapidly  than  those  with  polished  surfaces.  For 
this  reason,  coffee  retains  heat  longer  in  a  bright  than  in  a 
tarnished  pot;  a  stove  of  glazed  Dutch  tries  remains  hot 
longer  than  another  of  ungmzed  tiles ;  a  smooth  sheet-iron 
stove,  longer  than  a  similar  one  of  rough  cast-iron,  &c. 

The  radiation  of  heat  aiables  ns  to  explaru  some  of  those 
common  natural  phenomena  which  otherwise  would  remain 
obscure.  Why  do  not  the  rays  of  the  sun,  even  in  the 
hottest  summers,  melt  the  snow  iipon  the  tops  of  high 
mountains,  which  are  nearer  than  the  level  portions  of  the 
earth  to  the  sun?  Because  they  only  heat  those  bodies 
which  can  absorb  their  warmth,  as  the  rough  surface  of  the 
earth.  The  snow  is  indeed  struck  by  the  rays  of  the  sun, 
but  being  a  white  and  shining  body  it  reflects  them  and  re- 
nuiins  cold. 

44!.  IbrmaHon  of  Dew, — ^Wh^n  the  surfece  of  the  earth 
has  become  warm,  the  air  is  heated  by  it ;  hence,  during  the 
day  the  lower  strata  will  always  be  warmer  than  the  upper. 
But  a  change  takes  place  after  the  sun  has  gone  down.  Tbb 
earth  continues  to  radiate  heat  without  receiving  any  in  ex- 
change, and  its  temperature  consequently  diminishes.  On 
the  other  hand,  the  wr  does  not  so  readity  part  with  ite 
heat,  and  therefore  it  retains  during  the  night  a  higher 
temperature  than  the  surface  of  the  earth ;  it  is  only  cooled 
where  it  comes  in  contact  with  the  colder  earth.  If  this 
cooling  should  reach  the  dew-point  of  the  air  (§  38),  then 
the  vapours  are  condensed,  on  the  soil  or  on  the  plants  grow- 
ing upon  it,  in  the  form  of  small  drops,  just  as  a  tumUer  is 
covered  with  vapour  when  brought  firom  a  cold  into  a  warm 
room, — dew  forms.    If  the  temperature  of  the  earth  sinks  in 
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the  niglit  to  tke  freezing  pomt,  or  below  it,  the  aqueous 
vspour  ifl  deposited  in  a  solid  form,  and  is  called  hoar-frost, 

l?he  radiation  of  heat  from  the  earth  is  greatest  when  the 
weather  is  clear  and  serene,  but  it  is  obstructed  bj  clouds  and 
wind.  Henee  the  most  copious  deposit  of  dew  takes  place 
only  in  clear  and  quiet  nights.  The  clouds  serve  as  a  screen 
in  reflecting  back  the  rays  of  heat  to  the  earth,  so  that  it  is 
b«t  lightly  cooled.  Tne  same  effect  is  ppodiioed  by  the 
mats,  straw,  and  boards  with  which  the  gardener  covers  his 
young  plants,  to  protect  ^em  from  the  late  frosts  of  spring, 
er  from  freezing.  The  annexed  figure,  in  which  arrows  denote 
ihe  directicm  of  the  rays  of  heat,  wiU  serve  to  render  this 
process  more  intelligible. 

Fig.20. 


Sunbeams. 
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45.  SsltUion, — ^Water  can  dissolve  many  bodies,  and  unite 
intimately  with  them,  without  losing  its  transparency.  Such 
ecmibinations  are  called  solutions.  If  ranarwater  meets  with 
soluble  substances,  either  in  the  earth  or  iia  the  rocks  iteough 
which  it  oozes,  it  dissoives  them;  and  this  explains  why 
aimost  all  spring-water,  on  evaporaticm,  yields  an  earthy  or 
saline  residue.  Frequently  this  residue,  particularly  when  it 
ecMotains  lime,  is  so  altered  during  evaporation,  that  it  can  no 
kmger  be  dissolved  in  watw,  asid  forms  a  hard  incrustation 
round  the  inner  sides  of  the  vessels  used  in  cookery.  The 
curings  of  Carlsbad  deposit  so  much  residue,  that  articles 
immersed  in  them  appear  in  a  short  time  to  be  externally 
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petrified  or  incrusted.  If  water  is  unusually  rich  in  soluble 
substances,  especially  sucb  as  possess  medicinal  properties,  as, 
for  example,  iron,  sulphur,  &c.,  it  is  called  mineral  water ,  and 
the  sprbgs  from  which  it  issues  are  called  mineral  springs. 
A  pound  of  sea  water  contains  about  half  an  ounce  of  sub- 
stances in  solution. 

46.  Experiment — Pour  a  teaspoonf ul  of  slaked  lime  (§  33) 
into  a  bottle,  and  fill  it  with  water ;  cork  it  up,  and,  after 
shaking  it  for  some  minutes,  let  it  stand  until  the  water  has 
become  perfectly  clear.  By  carefully  inclining  the  bottle, 
most  of  the  liquid  may  be  poured  off  free  from  the  sediment. 
This  operation  is  called  decantation,  and  the  clear  liquid  is 
lime-water.  Lime  is  but  slightly  soluble  in  water,  three  hun- 
dred ounces  of  water  being  required  to  dissolve  half  an  ounce 
of  lime;  the  excess  remains  undissolved,  and  as  lime  is 
heavier  than  water,  it  settles  at  the  bottom.  That  a  portion 
of  it  has  been  dissolved  is  known  by  the  peculiar  taste  im- 
parted to  the  liquid.     This  taste  is  called  alkaline. 

Keep  a  part  of  the  lime-water  in  a  well-stopped  bottle  for 
future  use ;  it  will  remain  transparent  and  clear.  Pour  the 
remainder  into  a  tumbler,  and  expose  it  to  the  air ;  the  water 
soon  becomes  turbid,  and  covered  with  a  film,  which  gra- 
dually grows  thicker,  and  settles  at  the  bottom.  When,  after 
some  days,  the  water  has  become  clear  again,  it  will  have  lost 
its  alkaline  taate ;  the  lime  dissolved  in  it,  having  been  che- 
mically changed  by  the  air  and  rendered  insoluble,  -will  be 
found  as  a  powder  at  the  bottom  of  the  tumbler. 

47.  Experiment. — Put  into  a  flask  half  an  ounce  of  litmus ; 

pour  over  it  three  ounces  of  water,  and  let  it  remain  in  a 

'  warm  place  until  the  liquid  has 

Fig.  21.  Fig.  22.      obtained  a  dark-blue  colour.   Lit- 

^         ^fiPS^    mus  consists  of  a  blue  colouring- 

" '  "'^  matter,  which  is  soluble  in  water, 
and  is  hence  taken  up  by  it ;  it 
also  contains  some  earthy  matter, 
which  is  insoluble,  and  is  depo- 
sited as  a  slimy  mass.  These  two 
substances  might  be  separated 
from  each  other,  as  in  the  for- 
mer experiment,  by  decantation, 
but  it  can  be  done  more  readily 
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hj  filtration,  Per  this  purpose  cut  a  piece  of  blotting-paper 
into  a  circular  shape,  fold  it  together  twice,  and  then  place  tliis 
filter  into  a  glass  funnel.  That  the  paper  and  the  glass  may 
not  come  into  too  close  contact,  jnace  between  them  thin 
pieces  of  wood  or  glass ;  a  piece  of  string  must  abo  be  in- 
serted between  the  funnel  and  the  neck  of  the  flask  into 
which  the  liquid  is  to  be  filtered,  to  allow  an  opening  for  the 
escape  of  the  air  from  the  flask,  as  otherwise  tne  fluid  could 
not  flow  in.  The  filter,  which  must  never  be  higher  than  the 
top  of  the  funnel,  is  first  moistened  with  water  before  the 
fluid  is  poured  upon  it.  Blotting-paper  consists  of  fine  linen 
or  cotton-fibres  matted  togetfier,  between  which  are  small  in- 
terstices or  pores,  through  which  liquids,  but  no  fine  solid 
particles,  can  pass;  these  remain  on  the  filter.  "Writing- 
paper  cannot  be  used  for  filtration,  as  its  pores  are  filled  up 
by  size  or  starch. 

48.  Experiment, — Pour  a  part  of  the  solution  obtained  into 
a  saucer,  and  pass  strips  of  fine  blotting  or  of  letter-paper 
one  or  more  times  through  it,  until  they  have  acquired  a 
distinct  blue  colour.  Preserve  these  strips,  after  being  dried, 
in  a  box ;  they  are  called  blue  litmus,  or  test-paper ;  they  are 
reddened  by  vinegar,  lemon-juice,  and  all  acid  fluids,  and 
serve  to  test  a  liquid,#to  ascertain  whether  it  is  add  (has  an 
acid  reaction). 

Experiment, — Mix  cautiously  another  portion  of  the  solu- 
tion with  lemon-juice,  imtil  the  blue  colour  appears  distinctly 
red  J  this  abo  serves  to  colour  paper.  The  red  test-paper  is 
used  for  the  purpose  of  recognising  a  class  of  substances  op- 
posed to  acids — ^that  is,  alkaline  or  basic  bodies ;  these  re- 
store the  original  blue  colour  of  the  paper,  as  can  be  seen  by 
bringing  it  into  contact  with  lime-water  or  moistened  ashes. 

49.  Experiment, — Add  gradually,  with  constant  agitation, 
to  one  ounce  of  cold  water,  powdered  saltpetre,  as  long  as  it 
continues  to  be  dissolved — ^perhaps  about  a  quarter  of  an 
ounce ;  if  more  is  added  than  is  necessary,  it  will  remain  un- 
dissolved at  the  bottom  of  the  vessel.  This  solution  is  called 
a  cold  saturated  solution.  If  this  mixture  be  boiled,  and 
saltpetre  again  be  added,  then  about  two  ounces  more  will  be 
required  to  saturate  the  water.  A  thermometer  held  in  this 
hoiUng  stUwrated  solution  will  indicate  about  226°  F.  (10S°  C.) , 
while  simple  boiling  water  indicates  only  212°  F.  (100°  C.) 

d2 
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^^  saline  sohtUora  boil  tmd  freeze  with  more  diffievUg  than 
water.  All  bodies  solable  in  water  behave  in  a  similar 
inanner, — ^tbafc  is,  tbey  are  soluble  in  it  only  in  d^bite  quan- 
tities, and  in  mort  eases  hot  water  dissolves  more  of  them 
than  cold. 

50.  Experiment — ^If  the  solution  obtamed  in  the  last  ex- 
periment be  poured  into  a  porcelain  dish,  previously  heated, 
and  be  suffered  to  remain  quiet  untU  cold,  then  the  two 
ounces  of  saltpetre  which  were  last  added  separate  again, 
not  as  a  powder,  but  as  regularly  formed  prisms.  These  prisms 
are  six-sided,  and  are  surmounted  by  two  &ces  similar  to  a 
roof;  they  are  called  crystals'  of  saltpetre.  (Fig.  23.)  All 
crystab  are  characterised  by  having  planes,  edges,  and  angles, 
constntcted,  as  it  wrare,  of  simple  triangular,  quadrangular,  or 
poly-angular  pieces,  artificially  polished.  This  symmetry  is 
Fig  23  ^^^^^  ®^®^  ^  *^®  interior  of  them,  as  can  earily  be 
^^  "  seen  by  holding  a  transparent  crystal  towards  the 

/T^k  light,  and  turning  it  slowly  round;  or  breaking  it, 
■  when  the  fragments  will  often  exhibit  the  same  regu- 
H  lar  form  which  characterised  the  wlikole  crystal.  Thus, 
I  H  in  inanimate  nature,  a  mysterious  pow^  exists,  simi- 
^"^  lar  to  that  which  compels  the  bees  to  construct  thdr 
fiix-oomered  cells,  and  the  potato  to  {produce  its  five-angled 
corolla  and  five  stamens,  and  by  which  the  smallest  partkdeB 
of  bodies,  called  atoms,  sate  forced  to  arrange  thems^ves  in  a 
fixied  order,  assuming  a  r^ular  shape.  But  ^s  can  oaafy 
be  accomplished  lay  a  body  in  its  fluid  or  aeri&rm  state, 
emcejree  motion  or  the  atoms  is  essential.  Time  alao  is  re- 
quired fi^r  tim  operation ;  henoe  crystals  are  always  lasae 
regular  the  more  slowly  idiey  are  formed.  Many  of  the 
splendid  orystals  which  hsew  been  dug  from  the  depths  of 
the  ear<^  were,  perhaps,  liiousands  of  years  in  forming. 

51.  EaperimenL — ^Evaporate  the  liquid  remaining  sibove 
the  crystals  in.  the  former  ^q>eriment  at  a  gentle  heat,  until 
a  scum  is  formed  on  tibse  suri&.oe,  then  remove  it  from  the 
fire,  and  let  the  soluti(M  cool,  stirring  U  eonatanthf  with  a 
wooden  atick.  In  this  way,  instead  m  crystals,  %  powder  of 
eal^etre  will  be  obtained. 

The  liquid  just  ailutted  to  may  be  regarded  as  a  cold  aota- 
rated  solution,  containing  about  a  quarter  of  an  ouoce  of 
saltpetre.    If,  by  evaporation  cmly,  so  much  water  is  left  88 
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is  sufficient  when  hot  to  keep  in  solution  but  a  qusrter  c^  acn 
ounce  of  the  saltpetre,  then  crystals  begin  to  appear  in  the 
form  of  a  film  on  the  cooler  jmrfiu^,  indicating  the  satura- 
tion of  the  liquid.  If  this  again  is  allowed  to  cool  quietly, 
a  Becond  crop  of  crystals  will  be  obtained  ;  but,  by  continrud 
atirnng,  tiiey  are  broken  at  the  moment  of  their  formation 
— by  slow  mofement  into  a  coarse,  and  by  rapid  movement 
into  a  fine  powder.  This  may  be  called  interrupted  crystal' 
Ustftion.  Sugar  presents  a  similar  example ;  the  same  syrup, 
whidi,  if  cooled  quietly,  yields  sugar-candy,  when  stnred, 
yields  common  lo^-sugar. 

52.  ^EJmeriment, — Put  into  boiling  water  as  much  common 
ndt  as  wQl  dissolve,  and  let  the  solution  cool ;  no  crystals 
will  form,  because  salt  is  as  soluble  in  cold  as  in  hot  water. 
Now  evaporate  one-half  of  the  solution  over  a  spirit-lamp, 
and  set  aside  the  other  half  in  a  warm  place ;  in  the  first 
case,  mere  irregular  grains  of  salt  will  be  obtained,  but  in 
^be  latter  case,  after  some  days,  regular  cubes  of  salt  wiU  be 
deposited. 

63.  JSofperiment. — Dissohe  a  spoonful  of  salt  and  one  of 
saltpetre  m  lukewarfii  water,  and  put  the  solution  in  a  warm 
^ace,  that  the  water  may  gradually  evaporate ;  the  tn^oMtts, 
which  are  intimately  mixed  in  the  solution,  will  upon  crys- 
tallisation separate  completely  from  each  other.  The  salt- 
petre separates  into  long  prisms,  containing  no  trace  of  idie 
common  salt,  and  the  latter  separates  into  cubes,  entirely 
free  from  saltpetre.  Thus  the  particles  of  salt  and  saltpetre 
did  not  attract  each  other ;  but,  upon  crystaBking  out  of 
the  solution,  the  homogeneous  salts  assumed  separately  a  re- 
gular form,  precisely  as  if  one  only  of  these  two  substances 
had  been  ^solved. 

54.  In  our  climate,  water  assumes  a  solid  form  during  Ihe 
winter  only,  and  it  is  weU  known  that,  as  snow  c»  ice,  it  €^en 
finrms  the  most  regular  crystals.  But  it  also  exists  in  a  solid 
form  in  many  bodies  where  we  should  not  exped;  to  find  it : 
one  pound  ot  iron-rust,  for  example,  contains  nearly  three 
ounces,  and  cme  pound  of  slaked  lime  four  ounces,  c^  water, 
and  yet  both  are  apparently  dry.  This  water  is  said  to  be 
ehtmiecilly  combined.  It  also  unites  with  other  fi<^d  btodies, 
finr  which  it  has  an  afi&nity.  Such  combinations  of  sdEds 
with  water  are  called  hydrates.    It  is  also  frc^ently  preset 
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in  salts,  as  can  be  shown  in  a  simple  manner  in  the  case  of 
the  well-known  G-lauber  salts. 

Experiment, — Place  half  aij  ounce  of  crystallised  Glauber 
salts  in  a  warm  place,  when  it  wiU  soon  lose  its  transparency, 
and  finaUy  crumble  into  a  white  powder,  weighing  hardly  a 
quarter  of  an  oimce.  That  which  has  been  lost  was  water, 
and  it  is  evident  that  it  was  this  water  which  gave  to  the 
salt  its  crystalline  form  and  transparency,  these  both  vanish- 
ing with  the  escape  of  the  water.  For  tlds  reason  the  water, 
on  which  depends  the  crystalline  form  of  many  salts,  is 
called  the  water  of  crystallisation.  Saltpetre  and  common 
salt,  treated  like  Glauber  salts,  lose  nothing  in  weight, 
neither  do  they  become  opaque  nor  pulverulent ;  they  contain 
no  chemically  combined  water. 


COMPOSITION  OP  WATEE. 

55.  Besides  that  electricity,  which  we  admire  on  a  grand 
Fig.  24.  scale  in  the  majestic  phenomena  of  light- 

ning, or  which  we  generate  on  a  small 
scale  by  rubbing  various  bodies  together, 
a  second  kind  of  electricity  is  also  recog- 
nised, which  is  called  the  galvanic  force, 
or  galvanism.  This  has  attained  great 
importance  in  chemistry,  as,  by  means  of 
it,  the  chemist  is  enabled  to  decompose 
almost  all  chemical  combinations,  even 
into  their  component  parts  or  chemical 
elements.  By  galvanic  force,  water,  can 
easily  be  decomposed  into  its  elementary 
\  parts.  This  sort  of  electricity  may  be 
generated  in  various  ways;  it  is  developed 
in  every  chemical  combination  or  decom- 
position; indeed,  very  often  even  when 
heterogeneous  substances,  whether  solid, 
liquid,  or  aeriform,  are  brought  into  con- 
tact. The  oldest  and  most  common  gal- 
vanic apparatus  is  the  voltaic  pile,  in 
which  electricity  is  excited  by  the  con- 
tact of  two  different  metals,  commonly 
zinc  and  copper.    A  copper  plate  placed 
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upon  one  of  zinc  is  called  a  pair  of  plates ;  many  sucb  pairs 
are  laid,'  one  above  the  other,  each  pair  being  separated  by  a 
piece  of  cloth  moistened  with  salt  water.  The  relative  posi- 
tion of  the  metals  in  each  pair  must  be  observed  throughout 
the  whole  series,  so  that,  if  the  pile  commences  with  a  zinc 
plate,  it  shall  terminate  with  a  copper  one.  These  two  ex- 
tremities are  called  the  poles.  Zinc  is  called  the  +  pole, 
and  copper  the  —  pole ;  they  are  provided  with  metallic 
wires,  that  the  electric  or  galvanic  stream  which  is  excited 
in  the  pile  may  be  conveyed  to  any  place  desired.  When 
the  two  ends  of  the  wires  are  brought  very  near  to  each 
other,  sparks  are  seen  to  dart  from  one  to  the  other ;  this  is 
a  token  of  the  galvanic  current,  manifesting  itself  in  the  same 
manner  as  the  current  of  the  electrical  machine. 

To  decompose  water  by  means  of  this  pile,  the  two  wires, 
to  the  ends  of  which  pieces  of  platinum-wire  or  foil  has  been 
fastened,  are  conducted  into  a  vessel  of  water,  and  two  test- 
tubes,  filled  with  water,  are  inverted  one  over  each  wire ; 
small  bubbles  of  air  are  then  evolved  fro^n  the  ends  of  both 
Jig.  26.  wires,  which  ascend  into  the  test-tubes,  gradually 
displacing  the  water  from  them.  From  the  + 
or  zinc  wire,  only  half  as  much  gas  is  generated 
as  from  the  other ;  consequently  the  tube  con- 
nected with  the  zinc  will  only  be  half  emptied 
by  the  time  the  water  from  the  other  is  entirely 
expelled,  and  a  glowing  shaving  introduced  into 
it  will  burst  into  a  brilliant  flame ;  it  is  called 
oxygen  gas  (O),  The  gas  evolved  from  the  — 
or  copper  end,  on  the  contrary,  extinguishes  this 
shaving ;  but  the  gas  will  bum  spontaneously  if  kindled  by 
the  flame  of  a  candle  held  over  it ; — it  is  called  hydrogen 
gas  (H) .  These  are  the  component  parts  of  water ;  it  con- 
sists of  one  measure  (volume)  of  oxygen,  and  of  two  measures 
of  hydrogen.  From  one  measure  of  water,  when  decomposed 
into  its  elements,  several  thousand  measures  of  these  two 
gases  may  be  obtained. 
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NON-METALLIC  ELEMENTS,  OE  METALLOIDS. 

FIRST  GROUP:  ORGANOGENS. 
OXTGEir  (o). 

At.  Wt  =  8.-«p.  Gr.  =  1.1. 

56.  OxTGBK  may  be  obtained  in  great  quantities  frcwn 
water,  by  means  of  the  galvanic  battery;  but  in  Si  more  simple 
mianner  as  follows : 

Experiment. — ^Introduce  into  a  somewhat  tall,  but  not  too 
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thin,  test-tube,  109 
grains  of  red  oxide 
of  mercury.  One 
end  of  a  bent  glass 
tube  is  adapted  to 
it  by  means  of  a, 
perforated  eork,aDd 
the  other  endis  con- 
ducted into  a  vessel 
filled  with  water. 
Either  suspend  the 

4^  i&k^^^^^B^      ^^^  ^^  means  of  a 
^^^mm^^^^^^^       piece  of  string  or 
^^^^^^^    .     wire,  or  support  it 
^^^H|B|J^  by  a  retort-holder. 
r_  -        A  retort-holder  is  a 

^  wooden  stand,  pro- 

vided with  a  mov- 
able vice,  by  which  glass  vessels  can  be  held  in  the  most  con- 
venient manner,  as  shown  in  the  amiexed  figure.  Then  heat 
the  test-tube  until  all  the  oxide  of  mercury  has  disappeared. 
The  red  powder  becomes  black  as  the  heat  increases,  and 
bubbles  of  air  escape,  which  are  collected  in  a  glass  bottle 
held  over  the  end  of  the  tube,  this  bottle  having  been  pre- 
viously filled  with  water  and  then  inverted  into  the  bowl, 
after  closing  the  mouth  of  it  with  the  finger  or  a  glass  plate. 
No  water  will  escape  until  bubbles  of  air  from  the  tube  are 
passed  into  it,  which,  on  account  of  their  greater  lightness, 
ascend  and  displace  the  water.    When  the  water  is  displaced, 
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remore  the  bottle  and  dose  it  with  a  cork,  replaeing  it  by 
another  bottle,  likewise  previoudy  filled  with  water,  and  re- 
peat this  process  until  the  evolution  of  gas  ceases.  The  first 
tmbbles  that  pass  oyer  consist  of  the  atmospheric  air  con- 
tained in  the  test-tube,  and  expanded  by  the  heat,  but  the 
oxygen  gas  quickly  succeeds.  This  is  one  of  the  component 
parts  ot  the  red  oxide  of  mercury,  and  can  easily  be  recognised 
by  the  yiyid  cmnbustion  in  it  of  a  glowing  slaying.  At  the 
same  time  there  is  formed  on  the  upper  part  of  the  test-tube 
a  brilliant  metallic  mirror,  which  consists  of  mercury,  the 
second  element  of  the  red  oxide.  When  the  latter  has  en- 
tirely disappeared,  immeckaielg  withdraw  the  tube  from  the 
w&ier,  let  the  test-tube  cool,  and  unite  the  mercury  adhering 
to  its  eddes  into  a  single  globule,  by  means  of  a  feather.  It 
will  amount  in  weight  to  101  grains  ;  this,  subtracted  from 
the  original  weight,  109  grains,  leaves  8  grains,  the  amount 
of  the  oxygen.  The  red  powder  consists  of  a  bnlHant  heavy 
metal  and  c^  a  gas,  two  entirely  dissimilar  bodies.  If  these 
are  chemically  combined  togetlier  by  proper  means,  they  will 
Tmite  again  and  form  the  red  oxide,  a  body  in  which  the 
peculiar  properties  of  the  mercury  as  well  as  of  the  oxygen 
are  entirely  lost. 

57.  This  experiment  shows,  also,  how  the  force  of  heat 
alone  can  annihilate  chemical  combination,  or,  in  other  words, 
the  afl&nity  of  two  bodies  for  each  other.  This  can  be  ex- 
plained as  follows.  Chemical  affinity  acts  only  at  impercep- 
tible distances f  consequently  only  when  bodies  are  in  clos^ 
contact ;  heat  counteracts  this  power,  for  it  exerts  an  expan- 
sive action,  and  consequently  separates  the  constituent  par- 
ticles from  each  other.  In  the  cold,  or  at  ordinary  tempera- 
tores,  the  single  particles  of  the  quicksilver  (Q)  and  oxygen 
(O)  are  so  closely  united,  that  chemical  force 
is  sufficient  to  hold  them  together  («,  Fig, 
27) ;  but  at  an  increased  temperature  they 
are  so  far  separated  (5),  that  the  influence  of 
chemical  attraction  is  overcome.  This  occurs 
so  much  the  more  readily  in  this  instance,  as 
both  the  qmcksilver  and  oxygen,  when  heated,  have  a  strong 
tendency  to  become  aeriforjn,  which  also  tends  to  counteract 
the  chemical  force. 
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68.  The  bottles  containing  the  oxygen  appear  to  be  empty, 
for  oxygen  is  as  colourless  and  invisible  as  common  air,  and  is 
without  odour  or  taste. 

Experiment, — ^Introduce  a  glowing  shaving  into  a  bottle  of 
oxygen ;  it  will  kindle  and  bum  for  some  time  with  great 
bnlliancy  and  a  very  dazzling  flame,  and  then  be  extinguished. 
The  same  takes  place  when  a  piece  of  lighted  tinder  is  ^tened 
to  a  wire  and  suspended  in  the  oxygen ;  the  tinder  bums  with 
a  lively  flame,  while,  as  is  well  known,  it  merely  smoulders 
away  in  the  open  air.  Oxvgen  possesses,  at  a  high  tempera- 
ture, a  strong  affinity  for  the  component  parts  of  wood  and 
tinder ;  that  is,  it  combines  with  them  with  great  energy,  and 
consequently  with  the  development  of  heat  and  light.  When 
the  combination  has  ended,  and  the  oxygen  is  consumed,  the 
combustion  ceases.  The  product  of  the  combustion,  that  is, 
the  combination  of  the  wood  with  the  oxygen,  is  also  aeriform ; 
but  burning  substances  are  extinguished  in  the  newly  formed 
gas.  If  the  bottle  be  rapidly  whirled  round,  the  gas  formed 
hy  the  combustion  will  escape,  and  atmospheric  air  will  supply 
its  place.  Air  contains  free  oxygen  ;  and  a  kindled  shaving 
wiU  bum  in  it  for  some  time,  but  far  slower  and  less  briskly 
than  in  pure  oxygen ;  because  common  air  contains  only  one- 
fifth  part  of  oxygen.  Accordingly,  combustion  proceeds 
five  times  more  rapidly  and  violently  in  oxygen  than  in  at- 
mospheric air. 

59.  Experiment, — To  prepare  a  larger  quantity  of  oxygen, 
take  one  hundred  grains  of  chlorate  of'potassa,  and  heat  it  in 
the  same  manner  as  described  in  the  former  experiment ;  the 
salt  wiU  soon  melt,  and  affcerwards  boil.  As  soon  as  the  boil- 
ing commences,  the  flame  must  be  diminished,  to  prevent  the 
mass  from  foaming  over.  When  the  liquid  thickens,  if  some 
of  the  substance  should  be  found  adherent  to  the  colder  parts 
of  the  test-tube,  approach  it  with  the  flame  of  the  lamp  until 
it  is  again  melted  down.  As  soon  as  the  gas  ceases  to  be 
generated,  draw  the  tube  immediately  from  the  water.  If  you 
mix,  by  merely  rubbing  together  vdth  the  fingers  upon  a  sheet 
of  paper,  chlorate  of  potassa  with  its  own  weight  of  black 
oxide  of  manganese,  the  evolution  of  gas  will  be  vastly  acce- 
lerated. 

60.  Por  collecting  gases  in  larger  quantities,  the  following 
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contriyance  may  be  resorted  to.    Make  a  sbelf  out  of  slate  or 
Tig.  28.  *  piece  of  lead,  some  inches  broad, 

and  so  long  that  it  will  rest  about  half 
way  up  the  sloping  walls  of  the  vessel 
in  which  it  is  to  be  placed;  bore  a 
small  hole  through  the  centre  of  the 
shelf  with  some  appropriate  instru- 
ment. "When  wanted  for  use,  pour 
into  the  vessel  as  much  water  as  will 
be  sufficient  to  cover  the  shelf  an  inch  deep,  and  then  invert 
the  vessel  intended  for  the  reception  of  the  gas,  with  its  mouth 
exactly  over  the  opening,  placing  the  extremity  of  the  glass 
tube,  from  which  the  gas  proceeds,  directly  beneath,  so  that 
the  gas  may  enter  it  as  through  a  funnel.  This  contrivance  is 
called  a  pneumatic  trotigh.  In  order  to  collect  and  preserve 
larger  quantities  of  gas,  and  to  experiment  with  them  more 
conveniently,  special  contrivances,  called  gasometers,  are  used 
in  chemical  laboratories. 

61.  Chlorate  of  potassa  contains  for  every  one  hundred 
grains  about  forty  grains  of  oxygen  chemically  combined ; 
by  the  application  of  heat,  these  become  free  and  escape.  Eed 
oxide  of  mercury  contains  only  eight  per  cent,  of  oxygen ; 
therefore  the  former  will  yield  five  times  more  oxygen  than 
the  latter.  If  vials  of  twelve  ounces'  capacity  are  selected 
for  receiving  the  gas,  we  shall  be  able  to  fill  five  of  them,  and 
shall  have  in  each  about  eight  grains,  or  nearly  twenty  cubic 
inches,  of  oxygen. 

Chlorate  of  potassa  may,  under  some  circumstances,  as 
when  strongly  rubbed,  or  treated  with  sulphuric  acid,  occa- 
sion very  dangerous  eaplosions  ;  but  no  danger  is  to  be  appre- 
hended from  the  appucation  of  it  in  the  manner  above  di- 
rected. 

62.  Experiment, — ^Add  warm  water  to  the  salt  remaining 
in  the  test-tube  after  the  expulsion  of  the  oxygen,  and  place 
the  tube  in  a  warm  place  until  the  salt  is  dissolved ;  evapo- 
rate the  solution  gradually,  over  a  stove,  when  small  cuoic 
crystals  (chloride  of  potassium)  will  be  deposited.  The 
chlorate  of  potassa  crystallises  in  thin  tables  or  plates,  the 
heated  mass  in  cubes ;  this  difference  in  the  form  of  the 
crystals  alone  indicates  that,  by  the  heating  of  the  former,  an 
entirely  new  salt  is  formed,  and  one,  indeed,  which  no  longer 


60 


METALLOIDS. 


eontains^  oxygefn. 
more  clearly. 

Chlorate  ofFetassa  eonsiBtn  of 
Chloric  COxTgen 
Add    IChlo  ' 
and 
Pofassa  iPotasi 


The  fbllowmg  diagram  will  illustrate  thk 


ikknade  of  potoBsium 
BiatfetiiiM.) 


JEaperiments  with  Oacygen. 
6B.  MBverimeni  a, — ^Fasten  a  piece  of  charcoal  to  a  irirc, 
and  kilidle  it  in  the  flame  of  a  lamp,  and  then  introduce  it 
into  a  hottle  of  oxygen ;  it  will  bum  Tery  vividly,  and  with  a 
ikmie.  If  a  piece  a£  moistened  blue  litmus-paper  (§  48)  be 
introduced  into  the  bottle,  affcer  the  combostioiiy  it  will  be 
reddened;  consequently  an  acid  gas  has  been  formed  firom 
tiie  charcoal  and  the  oxygen ;  it  is  called  carbome  acid.  Oloae 
tiie  flask,  shake  it  a  few  times,  and  place  it  aside. 


Fig.  29. 


64.  Experiment  h. — If  some  pieces  of  sulphTir 
are  fastened  to  a  longer  wire,  kindled  and  sus- 
pended in  a  second  bottle,  they  will  hxan  witii 
a  beautiful  blue  flame.  The  ga&  formed  from 
this  union  of  sulphur  and  oxygen  has  a  very  irri- 
tating odour;  it  likewise  turns  litmus-pi^er  red, 
and  consequently  it  is  of  an  acid  nature.  It  is 
called  m^Jmrous  acid.  This  bottle  is  aLse 
closed  and  preserved  for  future  use. 
JSccperiment  c, — Take  a  small  piece  of  phosphoro«> 
Fie  30  which,  on  account  of  its  inflammability,  must  be 
cut  off  imder  water  from  the  stick,  and  place  it, 
afker  having  been  well  dried  between  blotting 
paper,  in  a  scooped-out  piece  of  chalk.  Pastem 
the  latter  to  a  wire,  and  introduce  it  into  a  third 
bottle  of  oxygen.  AfRx  the  wire  to  a  cross  piece 
of  wood,  so  that  the  chalk  may  hang  a  lifctle  be- 
low the  centre  of  the  bottle.  If  the  phosphorus 
be  BOW  touched  with  ^  hot  wire,  it  will  kindle 
and  bum  with  a  dazzling  brilliancy,  filling  ihe  bottle  wibh.a 
thick  white  smoke.  This  smoke  consists  of  a  chemical  com- 
bination of  oxygen  and  phosphorus ;  it  reddens  the  blue  test- 
paper,  consequently  is  ^so  an  acid;  it  is  called  phosphoric 
tfcid.  If  the  bottle  be  allowed  to  staoid  for  a  time,  the  smoke 
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will  sink  to  ihe  bottom,  amd  dicuoke  in  the  wftter  preficndj 
pat  there,  whidi  Idius  ac^[niies  an  «eid  taste. 

66.  In  the  same  way  as  the  tasteless  charcoal  and  the  taste- 
less snlphnr  and  the  phosphorus,  by  combination  with  oxygen, 
acquire  acid  properties,  so  many  other  simple  bodies  are  con- 
yerted  by  oxygen  into  acids ;  this  is  liie  reason  why  it  has 
received  the  name  of  oanfgen,  denred  from  two  Greek  words, 
one  of  which  signifies  acid,  and  the  otlier  to  ^emrmU.  Thmce 
the  words  oxidate  and  oxide,  so  frequently  occurring  in  che- 
mistry. Oxidate  signifies  to  unite  with  oxygen,  to  bum; 
oxide  is  the  product  oftthe  combination,  and  signifies  a  burnt 
substance,  that  is,  a  substance  combined  with  oxygen.  The 
adds  just  aUuded  to  m^  also  be  called  aeid  oxide*, 

67.  ^Experiment  d. — ^Fix  securely  to  a  wire  a  pieoe  oi  so- 
^  31        dium,  and  let  it  remain  for  some  hours  in  a 

I  bottle  filled  with  oxygen ;  it  becomes  converted 

^L  into  a  white  maasiy  which  easily  dissolves  in 
^SL  w^ter.  The  solution  obtained  has  an  alkaline 
^^^^  taste,  similar  to  Hme-water ;  the  colour  of  blue 
^^^H  test-paper  is  not  changed  by  it,  but  it  turns  red 
HJ^B  test-paper  blue;  this  is  a  combination  which 
^^^H  may  De  regarded  as  the  opposite  of  acids ;  it  is 
^^^^  ealled  oxide  of  sodium.  Let  this  also  be  kept 
fer  future  ise. 

The  metal  €ediwm  has  such  an  extraordinary  affinity  for 
oxygen,  ikut  it  muckly  attracts  it  from  the  air.  Therefore,  to 
preserve  it  nndbanged,  it  must  be  kept  in  aame  Uquid  con- 
taining »o  oxy^fon ;  as,  finr  instance,  in  naphtha  or  petro- 
loum. 

68.  Mppermeni  e. — A  piece  of  fine  iron  wire  is  so  wound 

round  a  dbte-  or  common  lead-pencil,  that,  on 

Fig.  32.      ^^^  withdrawal  of  the  latter,  the  wire  may  have 

/        a  spiral  form.    Fasten  the  upper  part  of  this 

/  -wire,  M  in  ei^ernnent  i?,  to  a  cross-piece  of 

^Sjj^    woodj'and:  ]^laoe  on  the  lower  end  of  it  a  small 

■JpM      portion  of  laador.    When  this  is  kindled,  iniaro- 

BflU      duce  ikm  ware  into  iiie  oxygen;  1^  bunuag 

^jS      tind^  heats  the  iroa  to  redness,  which  then 

^HP     boms  InilliinKtlf  ,  throwing  out  s^nurks.      The 

iron,  when  red-hot,  oonibiiies  with  tiie  oxYgea.    The  burnt  or 

<aidiBed  iron  (iron  aoales)  melts,  and  &lls  to  the  bottom  in 
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globules,  whicli  are  so  hot  that  they  are  liable  to  melt  into 
the  glass,  though  it  be  partly  filled  with  water.  This  heat, 
as  in  the  preceding  case,  is  the  result  of  chemical  combina- 
tion taking  placQ.  Oxide  of  iron  is  insoluble  in  water,  and 
for  this  reason  it  affects  the  colour  neither  of  the  blue  nor  of 
the  red  test-paper ;  if  it  were  soluble,  it  would,  like  oxide  of 
sodium,  convert  the  red  into  blue  paper. 

69.  Such  combinations  of  oxygen  as  are  not  acid,  but 
agree  in  their  properties  with  the  oxide  of  sodium  or  of  iron, 
are  called  hoses  or  basic  oxides.  Most  of  the  combinations  of 
the  metals  with  oxygen  belong  to  the  abases. 

70.  From  the  foregoing  experiments  on  oxidation,  the 
question  arises — How  much  carbon,  siilphur,  &c.,  have  the 
eight  grains  of  oxygen  contained  in  each  Dottle  consumed  or 
taken  up  ?  The  reply  is — They  have  taken  up  very  different 
quantities. 

They  have  united  as  follows : 

8  grs.  of  oxygen  with  3  grs.  of  carbon,  forming  11  grs.  of  carbonic  acid. 

salphnrons  acid, 
phosphoric  acid, 
oxide  of  sodium, 
black  oxide  of  iron, 
oxide  of  hydrogen 
^  (water). 

Carbonic  acid  may  be  prepared  in  different  ways,  but  it  is 
always  so  constituted  as  to  contain  eight  grains  of  oxygen 
united  with  three  grains  of  carbon,  and  this  same  regularity 
exists  in  all  the  above  compounds,  as  indeed  in  all  chemical 
combinations.  It  is  a  law  of  nature ;  chemical  combinations 
always  take  place  according  to  certain  fixed  proportions  by 
measure  and  weight.  This  doctrine  is  called  the  doctrine  of 
definite  proportionals,  or  Stoichiometry  (fi:om  orroixecov,  ele- 
ment, and  fA€Tpov,  measure). 

71.  Experiment — ^The  liquid  in  the  vessel  c  reddened  blue 
test-paper,  and  had  a  sour  taste ;  the  liquid  in  the  vessel  d, 
on  the  contrary,  turned  the  red  paper  blue,  and  had  an 
alkaline  taste.  Add  the  latter  slowly,  and  at  last  only  by 
drops,  to  the  former,  testing  the  mixtiu*e  frequently  with  a 
strip  of  blue  and  red  test-paper ;  there  will  be  a  pomt  when 
the  colour  of  these  two  papers  will  no  longer  be  changed. 
The  acid  and  alkaline  tastes  have  likewise  disappeared,  and 
the  mixture  has  acquired  a  slightly  saline  taste  ;  it  is  neutrak 
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The  phosphoric  acid  has  chemically  combined  with  the  oxide 
of  sodium,  forming  a  new  body  having  no  similarity  to 
either  of  the  substances  of  which  it  was  composed.  To  ob- 
tain better  knowledge  of  it,  let  the  vessel  remain  in  a  warm 
place  xmtil  the  water  has  evaporated,  when  small  crystals  will 
be  deposited.  Such  a  combination,  consisting  of  an  acid  and 
a  base,  is  called  a  gait.  This  salt,  phosphate  of  soda,  is  called 
soluble,  because  it  assumes  a  liquid  form  upon  the  addition 
of  water. 

72.  JEaperiment. — Pour  into  the  bottle  which  contained 
the  carbonic  acid  gas  (experiment  63)  some  lime-water 
(§  46),  and  agitate  it ;  the  liquid  will  become  milky,  and 
after  standing,  a  white  powder  will  subside.  The  lime  in 
the  lime-water  is  a  base,  as  well  as  the  oxide  of  sodium ;  the 
lime  combines  with  carbonic  acid,  they  mutually  neutralising 
each  other ;  but  the  salt  which  is  formed  (carbonate  of  lime 
or  artificial  chalk)  is  insolvhle  in  water,  and  hence  separates 
from  it.  That  the  carbonic  acid  here  disappears,  and  is  con- 
densed into  a  solid  body,  is  indicated  by  the  suction  exerted 
upon  the  finger  with  which  the  mouth  of  the  bottle  was 
closed  during  the  shaking,  and  the  rushing  in  of  air  after  its 
removal. 

73.  Experiment. — ^Exactly  the  same  thing  occurs  when 
lime-water  is  poured  into  the  bottle  of  experiment  64 ;  the 
irritating  odour  of  the  sulphurous  acid  contained  in  it  va- 
nishes, owing  to  the  latter  combining  with  the  lime.  The 
salt  formed  (sulphite  of  lime)  is  very  difficultly  soluble  in 
water. 

74.  JEa:perment — Pour  gradually  into  the  bottle  of  expe- 
riment 68  one  dram  of  common  sulphuric  acid.  It  heats, 
becomes  hot,  and  unites  with  the  water ;  and,  after  repose 
and  frequent  agitation,  the  red  oxide  of  iron  which  collects 
on  the  sides  of  the  vessel,  aa  well  as  the  black  oxide  of  iron 
at  the  bottom,  will  dissolve.  In  this  case,  also,  a  salt  is 
formed,  since  the  base  (oxide  of  iron)  has  united  chemically 
with  the  acid;  the  yellowish  liquid  holds  the  iron  salt  in. 
solution. 

76.  Decrees  of  Oxidation. — Oxygen  is  a  universal  food  for 
all  elements  ;  it  is  consumed  by  them,  and,  as  already  stated, 
in  fixed  proportions  or  quantities.  But  the  appetite  of  an 
element  for  oxygen  often  varies  according  to  the  curcum- 
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stances  imder  whieli  tlie  latter  is  peesented  to  it ;  for  ex- 
ample, it  is  greater  under  the  influ^ice  of  heat  thaa  of  cold 
— ^greater  where  there  is  an  excess  than  where  there  is  a 
d^iency  of  oxygen.  Hence  many  elements  frequently  con- 
some  greater  quantities  of  it  at  a  high  than  at  a  low  tem^^e- 
rature,  and  when  the  supply  is  copious  than  when  it  is  defi- 
cient; and  this  excess  or  diminution  of  consumption  is 
likewise  prescribed  by  fixed  laws.  The  different  proportions 
in  which  substances  unite  with  oxygen  are  callea  its  degrees 
of  oxidation, 

76. — ^When  sulphur  is  burnt  in  oxygen  gas,  or  in  the  air, 
it  combines  with  oxygen,  forming  ai^hurow  add;  but  it 
can  be  made  to  unite  with  one  half  as  much  msce  oxygen, 
and  then  sulphuric  acid  is  fi)rmed. 

When  phosphorus  is  rapidly  burnt,  it  forms  widi  oxygen 
phosphoric  acid;  but  if  it  be  exposed  to  the  air  without  the 
application  of  heat,  or  be  burnt  wii^  imperfect  access  of  air, 
then  phosphorous  acid  is  principally  formed,  whidi  contadns 
two-fifths  less  oxygen  than  phosphoric  add. 

Accordingly,  by  the  terms  sulphuric  and  phosphorus  acids, 
are  to  be  understood  combinations  with  more  oxygen;  by  the 
terms  sulphurous  and  phosphorotw  acids,  combinations  with 
less  oxygen.  K  an  element  yields  more  than  two  adds  with 
oxygen,  then  new  names  are  formed  by  prefixing  to  the  acids 
the  terms  per  or  hypo ;  for  instance,  perchloric  add,  hypo- 
sulphuric  and  hyposmphurous  acids,  &c. 

77.  Besides  tiie  red  oxide  or  peroxide  of  quicksilver  (§  56) 
there  is  yet  another  combination  of  quicksilver  with  oxygen, 
which  is  black,  and  contains  only  half  as  much  oxygen  as  the 
former ;  it  is  called  the  protoxid©  of  quicksilver.  Ixan.  also 
forms  two  combinations  with  oxygen ;  one  of  a  reddish-brown 
eolour  (sesquioxide  of  iron),  and  the  other  of  a  black  colour, 
containing  one  third  less  oxygen  (protoxide  of  iron).  Ac- 
cordingly a  peroxide  or  a  sesquioxide  is  the  combin^ion  of  a 
metal  with  a  greater  quantity  of  oxygen,  and  d^proioxide  is  a 
combination  with  a  less  quaatity  of  oxygen.  Many  metals 
have  the  power  of  uniting  in  more  than  these  two  propor- 
tions with  oxygen;  in  i^JMB  ease,  the  cambinatii»i  mm  a  less 
quantity  of  oxygen  thaa  m.  the  protoxide  is  called  suboxide, 
but  that.witii  more  oxygen  than  in  the  per-  or  sesqui-oxide, 
is  called  superoxide  or  kyperomde,    Neither  the  lower  nor 
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ilie  liigher  oxides  act  as  bases,  that  is,  they  will  not  unite 
directly  with  adds  to  form  salts ;  but,  neyertheless,  this  may 
happen  when  the  suboxide  receives  so  much  oxygen,  or  the 
superoxide  parts  with  so  much,  as  to  form,  in  either  case, 
per-  or  sesqiii-oxides  or  protoxides.  Some  metals  in  their 
highest  state  of  oxidation  possess  no  longer  basic  properties, 
but,  on  ihe  contrary,  acid  properties  (metallic  acids) . 

(Iq  other  countries  than  Germany,  the  term  peroxide  is 
generally  applied  to  the  compound  containing  most  oxygen, 
but  not  possessing  acid  properties.) 

78.  If  we  compare  the  different  quantities  of  oxygen  which 
one  and  the  same  body  can  take  up,  they  will  always  be 
found  in  very  simple  proportions ;  for  instance : 

In  Bulphurons  and  snlpbnric  acids,  as  2tQ8. 

"  phosphorons  and  phosphoric  acids,  "  8  to.5. 

^  protoxide  and  peroxide  of  mercnrj,  "  1  to  2. 

**  protoxide  and  sesqoiozide  of  iron  "  2  to  8. 

A  similar  regularity  exists*  in  all  other  chemical  combina- 
tions. 

79.  The  superoxides  easily  give  up  a  part  of  their  oxygen, 
either  when  heated  alone  or  with  certain  acids ;  hence  they 
can  be  made  use  of  for  obtaining  oxygen.  A  hyper-  or  super- 
oxide of  frequent  occurrence  in  nature  is  that  generally  caJled 
the  jperaxide  of  manganese,  used  for  colouring  potters'  ware 
brown.  It  is  a  combination  of  the  metal  manganese  with 
oxygen.  Oxygen  is  usually  obtained  from  this  when  wanted 
in  large  quantities,  as  it  can  be  put  in  an  iron  vessel  and 
heated  to  a  bright  redness.  If  the  manganese  is  heated 
alone,  one  third  of  the  oxygen  contained  in  it  is  obtained, 
and  red  oxide  of  manganese  remains  behind ;  but  if  heated 
with  the  addition  of  sulphuric  acid,  one  half  of  its  oxygen  is 
obtained,  and  the  remainder  is  protoxide  of  manganese,  which 
combines  with  the  sulphuric  acid,  forming  a  salt. 

80.  Oxygen  is  absolutely  necessary  to  all  living  creatures. 
All  the  air  which  we  breathe  must  contain  free  oxygen ;  if 
this  is  wantiDg,  suffocation  is  induced.  The  chemists,  who 
discovered  it  seventy  years  ago,  and  first  prepared  it  pure, 
gave  to  it,  for  this  reason,  the  name  of  vital  air.  In  later 
times  it  was  designated  errvpyreal  air,  because  it  was  found 
that  every  combustion,  however  familiar  to  us,  was  a  process 
of  oxidation,  in  which  the  oxygen  of  the  air  combiiied  with 
the  partides  of  the  burning  material.  The  symbol  for  oxygen 
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is  O,  ih.Q  first  letter  of  oxygen.  It  Has  been  agreed  to  express 
simple  bodies  by  the  first  letters  of  their  Latin  names ;  when 
more  than  one  commence  with  the  same  letter,  another  is 
added  to  the  former. 

HTDEOGEN  (h). 
At  Wt  »  1.— Sp.  Gr.  =  0.068. 

81.  JExperiment, — Boil  some  water  for  fifteen  minutes, 
that  all  the  air  contained  in  it  may  be  expelled ;  let  it  cool, 
and  fill  a  bowl  and  a  test-tube  with  it ;  close  the  latter  with 

Fie  aa.  *'^^  finger,  and  invert  it  under  the  water 

in  the  bowl.  Now  fasten  to  a  wire  a  piece 
of  sodium,  of  the  size  of  a  lentil,  and  thrust 
it  quickly  under  the  opening  of  the  test- 
tube  ;  the  metal  frees  itself  from  the  wire, 
and,  as  it  is  lighter  than  water,  it  ascends 
into  the  tube,  floating  there  with  a  cir- 
cuitous motion ;  a  gas  is  evolved  from  the 
water,  which  in  a  few  moments  displaces  the  latter  from  the 
tube.  This  kind  of  gas  is  the  second  element  of  water,  and 
is  called  hydrogen.  The  experiment  in  §  67  demonslrates 
that  sodium  has  a  very  great  affinity  for  oxygen,  and  this 
affinity  is  so  strong,  that  the  sodium  removes  from  the  water 
its  oxygen,  whereby  the  hydrogen  is  liberated.  Close  the 
tube  again  with  the  finger,  remove  the  tube  from  the  vessel, 
and  hold  a  burning  taper  over  it,  when  the  gas  will  bum  with 
a  flame.  Hydrogen  is  a  combustible  gas.  If  the  interior  of 
the  moist-tube  be  tested  with  a  strip  of  red  test-paper,  this 
assumes  a  blue  colour.  The  same  base,  oxide  of  sodium,  has 
been  formed  as  when  the  sodium  was  exposed  to  oxygen  or 
to  the  air.     It  is  dissolved  by  the  water. 

82.  What  sodium  accomplishes  at  ordinary  temperatures, 

pj^  34^  iron   cannot    do 

until  it  is  heated 
to  redness.  Pass 
water  in  the  form 
of  steam,  obtain- 
ed by  boiling  the 
water  in  the  re- 
I  tort,  a  (Fig.  34), 
through  a  red- 
hot  iron  pipe,  as  a  gun-barrel,  containing  iron  wire  spirally 
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Fig.  35. 


coiled.  At  this  high  temperature  the  iron  in  the  pipe 
unites  with  the  oxygen  in  the  water,  forming  blade  oxide 
of  iron,  and  the  hydrogen  is  set  free,  and  may  be  col- 
lected. This  is  the  method  by  which  the  celebrated  French 
chemist,  Lavoisier,  sixty  years  ago,  proved  that  water  is  not 
a  simple  body,  but  consists  of  two  gases,  oxygen  and  hy- 
drogen. 

83.  The  decomposition  of  water  by  iron  is  more  easily 
effected  through  the  presence  of  an  ally,  which  supports  the 
iron  in  its  endeavour  to  extricate  the  oxygen  from  the  water. 
Such  an  ally  is  sulphuric  acid. 

Mcperiment. — Put  a  quarter  of  an  ounce  of  \\Tought-iron 

filings  into  a  flask,  and  pour 
over  them  two  and  a  half 
ounces  of  water.  No  action 
takes  place,  but  if  half  an 
ounce  of  common  sulphuric 
acid  be  gradually  added,  at  the 
same  time  keeping  the  flask  in 
constant  motion,  ebullition  and 
heating  of  the  liquid  will  im- 
. mediately  ensue.  The  ebulli- 
tion is  caused  by  the  evolution  of  a  species  of  gas,  hydrogen. 
Insert  into  the  opening  of  the  flask  a  perforated  cork,  to 
which  is  fitted  a  bent  glass  tube.  Allow  the  first  portions  of 
the  gas  to  escape,  then  collect  it,  as  the  oxygen  was  collected, 
in  a  flask  filled  with  water  over  the  pneumatic  trough. 
•  There  is  one  indispensable  caution  to  be  observed  in  ex- 
perimenting with  hydrogen,  which  is,  not  to  hegin  to  collect  the 
gas  until  all  the  atmospheric  air  existing  m  the  flask  has  been 
eapelled,  as  otherwise  an  explosion  might  take  place. 

84.  Experiment, — ^If  sulphuric  acid  is  poured  into  water, 
considerable  heat  is  evolved ;  but  this  heat 
is  much  greater  when  the  water  is  poured 
into  the  sulphuric  acid.  The  mixture  is 
best  made  in  the  following  manner.  Pour 
two  ounces  and  a  half  of  water  into  a 
sufficiently  large  stone  jar,  which  is  placed 
in  a  bowl  filled  with  water ;  now  weigh  in 
a  flask  half  an  ounce  of  common  sul- 
phuric acid,  pour  this  in  a  small  stream  into  the  water,  stir- 

e2 
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ring  the  water  contimiously  with  a  glass  or  porcelain  rod, 
and  let  the  jar  remain  in  the  bowl  until  it  is  entirely  cold. 
This  mixture  is  called  diluted  sulphuric  acid;  the  strong 
acid,  on  the  contrary,  is  called  concentrated  sulphuric  acid, 

85.  jEa>pervments  with  Hydrogen, 
Experiment  a. — Inflame  hydrogen  contained 
in  a  flask,  and  immediately  pour  in  some  water. 
The  water  does  not  extinguish  the  flame,  but 
rather  increases  it,  since  it  rapidly  forces  the  gas 
out  of  the  flask.  The  gas  does  not  bum  in  the 
interior  of  the  vessel,  but  only  on  the  outside, 
where  it  is  surrounded  by  atmospheric  air.  • 

Ea^ervment  b, — Hold  an  empty  tumbler  over  a 
flask  of  hydrogen  for  some  minutes,  then  quickly 
invert  the  tumbler,  and  apply  to  it  a  Hghted  taper, 
when  a  flame  will  burst  forth  from  the  tumbler  with  a  whizzing 
noise.  The  gas  has  ascended  from  the  flask  into  the  tumbler, 
and  is  consequently  lighter  than  common  air.  In  this  experi- 
ment the  lower  vessel  must  not  be  iminediately  exposed  to  the 
lighted  taper,  because,  if  all  the  hydrc^en  is  not  displaced, 
an  explosion  might  ensue  that  would  'bpeak  the  flask ;  but  if 
the  taper  be  applied  afifcen  ten  minutes  have  elapsed,  the  flask 
will  be  found  no  longer  to  contain  any  combustible  gas,  this 
having  entirely  escaped. 

Hvdrogen  is  the  lightest  of  aU  gases  ;  14^  measures  of  it 

weigh  only  as  much  as  one  measure  of  atmospheric  air.     On 

account  of  this  lightness,  it  may  be  used  for  filling  balloons.  • 

Experiment  c, — If,  instead  of  the  glass  tube,  a  piece  of 

Fig.  88.      tobacco-pipe  be  adapted  to  the  cork  of  the  flask 

4  from  whicri  hydrogen  was  evolved,  and  the  gas 
then  lighted,  it  will  bum  like  a  taper.  To  kii^e 
the  gas,  instead  of  a  match  or  a  taper,  very  finely 
divided  platinimi  may  be  employed.  This  can  be 
prepared  in  a  few  miuutes  by  dropping  a  solution 
of  platinum  on  blotting-paper,  attacMng  it  to  a 
wire,  and  igniting  it  over  a  spirit-lamp,  till  no- 
thing but  a  grey  coherent  ash  remams.  The 
platinum  is  thus  reduced  to  an  extremely  minute 
state  of  subdivision,  and  in  this  state  it  exhibits 
the  remarkable  property  of  igniting  in  hydrogen 
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and  inflamiTig  it.  It  is  called  spongy  platinum,  and  is  employed 
as  tinder  in  the  well-known  Doberemer's  inJUmmdble  lamp. 
The  apparatus  here  represented  consists  of  a  flask,  having 
the  bottom  broken  off,  and  to  the  neck  of  which  the  oorer  of 
the  glass  vessel,  ^,  with  the  cock,  ^,  is  fastened  air-tight.  A 
piece  of  zinc  is  suspended  in  the  flask  by  means  of  a  wire.  If 
diluted  sulphuric  acid  is  now  poured  into  the  vessel,  c,  upon 
which  the  cover  with  the  flask  attached  is  placed,  then,  the 
cock  being  opened,  that  the  air  contained  in  the  flask  may  be 
dkplaced  by  the^  acid  from  beneath,  hydrogen  is  immediately 
evolved  by  the  contact  of  the  zinc  with  the  acid,  which  hy- 
drogen must  be  collected  in  the  flask  by  closing  the  eock,  e, 
the  acid  being  thereby  forced  into  the  exterior  vessel,  until  it 
no  longer  touches  the  zinc.  Upon  opening  the  stop-cock,  e, 
tiie  gas  issues  from  the  flne  jet,  and  is^  directed  against  the 

rLgy  platinum,/*.  As  the  gas  escapes, 
(nuphuric  acid  passes  again  into  the 
interior  vessel,  and  generates  j&resh  hydro- 
gMi  upon  reaching  the  zinc.  Spongy  pla- 
tinum possesses,  in  a  high  degree,  the 
power  of  absorbing  oxygen  and  condens- 
ing it  within  its  pore*;  if  hydrogen  be 
then  presented  to  it,  these  two  gases  will 
be  brmight  into  such  intimate  contact,  by 
the  powerful  force  of  attraction,  that  they 
will  chemically  combine  to  form  water, 
and  the  heat  thus  liberated  is  sufficient 
to  ignite  the  platinum  tinder,  and  to  in- 
flame the  gas,  which  subsequently  issues  from  the  jet.  Many 
aeriform  bodies,  which  do  not  freely  unite  with  each  other, 
can  be  forced  to  combine  by  means  of  spongy  platinum. 

8&.  Exploswe  Que. — The  extraordinary  degree  of  heat 
developed  by  the  chemical  union  of  oxygen  and  hydrogen 
may  be  shown  by  the  following  experiments.  Insert  into 
the  opening  of  a  large  pig's  bladder,  which  has  been  sofb- 
esbed  by  soaking  in  water,  the  broken-off  neck  of  a  flask,  and 
bind  it  firmly  round  with  a  string.  Then  select  two  per- 
forated corks,  fitting  this  neck.  One  cork  is  connected  with 
a  bent  g^s  tube,  conducting  the  oxygen  from  the  apparatus 
in  which  it  is  evolved  (§  59)  into  the  bladder,  which  soon 
becomes  filled  with  it.    When  this  operation  is  finished,  re- 
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place  tbe  first  cork  by  the  second,  having  a  glass  tube 
adapted  to  it  only  a  few  inches  long  and  drawn  out  to  a 
point  at  its  outer  end,  and  provided  with  a  wax  stopple 
pressed  upon  the  opening.  A  glass  tube  may  be  formed 
into  a  point  by  heating  it  in  the  flame  of  a  spirit-lamp,  con- 
stantly  turning  it  round  at  the  same  time,  till  it 
^^*  becomes  so  soft  at  the  desired  place  as  to  be  easily 
'  drawn  out.  Break  it  at  the  slender  part,  and  hold  it 
in  the  flame  for  some  moments,  until  the  sharp  edges 
are  rounded  off*  by  incipient  melting.  It  would  be 
more  convenient,  though  somewhat  more  expensive,  to 
substitute  for  the  above  contrivance  a  small  brass  stop- 
cock, provided  with  a  jet. 

The  bladder  thus  arranged  and  filled  with  oxygen  is  now 
placed  upon  a  block,  at  such  a  height  that  the  point  of  the 
glass  tube  shall  be  on  a  level  with  the  hydrogen  flame,  pro- 
duced as  explained  in  a  former  experiment.  Press  upon  the 
bladder  with  the  hand,  and  the  oxygen  will  escape,  blowing 
into  the  hydrogen  flame,  which  then  takes  a  horizontal 
direction.     This  flame  has  but  little  brilliancy,  less  than  the 
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hydrogen  flame  alone,  not- 
withstanding which  it  affords 
the  greatest  heat  yet  known. 
Hold  in  it  a  platinum  wire,  a 
metal  which  has  never  yet 
been  melted  in  the  hottest 
furnace,  and  it  will  melt  like 
wax;  hold  in  it  a  piece  of 
chalk  scraped  to  a  flue  point, 
and  it  will  emit  light  (side- 
real light)  of  the  most  daz- 
zling splendour.  A  watch- 
spring  or  a  fine  iron  wire  bums  in  it,  throwing  out  sparks  && 
in  oxygen.  (§  68.)  But  what  is  the  cause  of  this  powerful 
}ieat  r — It  is  the  result  of  the  energetic  chemical  combina- 
tion of  two  substances  with  each  other.  JEvery  chemical 
combination  or  decomposition  is  attended  with  liberation  of 
heat. 

Exact  experiments  have  shown  that  two  measures  of  hy- 
drogen imite  with  one  measure  of  oxygen,  consequently  in 
just  the  same  quantities  as  obtained  in  the  decomposition  of 
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water  by  galvanism.  (§  55.)  The  reault  of  the  combination 
is  water.  But  two  measures  of  hydrogen  and  one  of  oxygen 
do  not  yield  three  measures  of  vapour ;  they  afford  two  mea- 
sures only.  Thus  the  two  gases  condense  one-third  by 
chemical  union.  If  both  the  hydrogen  and  oxygen  were 
suddenly  mixed  together  and  then  ignited,  the  whole  mass 
would  combine  together  at  once,  producing  a  most  violent 
report,  and  bursting  the  vessel  to  pieces.  Such  a  gaseous 
muture  is  called,  for  this  reason,  explosive  gas.  No  danger 
ia  to  be  apprehended  from  the  apparatus  described,  as  the 
explosive  gas  is  formed  at  the  point  where  the  oxygen  meets 
the  hydrogen  flame,  and  only  in  small  quantities  at  once. 
This  ^paratus  is  an  oxy-hydrogen  blowpipe  on  a  small 
scale.  Hence  explosive  gas  may  be  regarded  as  chemically 
decomposed  water,  and  water  as  chemically  combined  explo- 
sive gas,  or  as  burnt  hydrogen. 
Fig.  42.  87.  Experiment, — That  water  is  really  formed 
during  the  combustion  of  oxygen  and  hydtogen,  or 
when  they  chemically  unite,  can  easily  be  shown 
by  inverting  a  flask  over  the  hydrogen  flame ;  the 
glass  soon  becomes  clouded  over,  because  the  water, 
which  at  this  heat  is  generated  in  the  form  of 
steam,  condenses  in  small  glpbules  on  the  cold  sides 
of  the  glass.  By  this  method  one  full  measure  of 
water  has  been  obtained  from  one  thousand  mea- 
sures of  oxygen  and  two  thousand  measures  of 
hydrogen. 

By  the  decomposition  of  water  (analysis) ,  and  by 
combining  together  its  elements  (synthesis),  it  is 
proved  to  consist,  in  voltwie,  of  one  measure  of 
oxygen  and  two  measures  of  hydrogen,  yielding  two 
measures  of  vapour ;  in  weight,  of  eight  parts  of 
oxygen  and  one  part  of  hydrogen,  yielding  nine 
parts  in  weight  of  water. 

The  great  difference  between  the  numbers  of  the  measures 
and  those  of  the  weight  depends  on  the  fact,  that  one  mea- 
sure of  hydrogen  weighs  sixteen  times  less  than  one  of 
oxygen.  On  account  of  the  property  possessed  by  hydrogen 
when  combined  with  oxygen  of  forming  water,  the  name 
Hydrogen  (water  generator)  has  been  given  to  it ;  its  chemi- 
cal symbol  is  accordingly  H. 
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88.  The  chemieal  symbols,  which,  as  previously  stated,  ace 
derived  from  the  initials  of  the  Latin  names  of  the  elemeata, 
present  not  only  a  very  convenient  and  simple  mode  of  desig- 
nating the  elements,  hut  they  represent  also  their  atomic 
weights,  which  are  given  at  the  head,  of  the  different  sectioira* 
Consequently  O  signifies  not  merely  oxygen,  hn^  8  pacrts  by 
weight  of  it  (poiuids,  ounces,  grains,  &c.) ;  H,  not  onjj^ 
hydrogen,  but  also  1  proportion  by  weight  of  it.  When  two 
elements  are  in  combination,  this  is  designated  by  uniting 
together  their  symbols ;  H  O,  for  instance,  is  tiie  formula  for 
water,  and  this  indicates,  not  only  that  water  consists  of 
hydrogen  and  oxygen,  but  also  that  it  is  composed  of  1  part 
by  weight  of  hydrogen  (1  At.  H)  and  8  parts  of  oxygen 
(1  At.  O) .  In  more  complex  combinations,  the  different  mem- 
bers are  separated  from  each  other  by  a  comma,  or  the  sign  +, 
as  will  be  seen  in  the  following  sections.  The  smaller  num- 
bers in  the  formula  placed  helow  the  letter  modify  only  tiie 
symbol  immediately  preceding,  but  the  larger  numbers  pre- 
fixed to  the  sign  modify  all  the  symbols  as  fer  as  the  next 
comma  or  +  sign.  Hj  signifies  accordingly  two  atoms  of 
hydrogen,  H3,  three  atoms,  &c. ;  but  2  H  O  indicates  two 
atoms  of  hydrogen  and  'two  atoms  of  oxygen,  &c.  It  is  ear- 
nestly recommended  to  every  beginner  in  chemistry  to  famili- 
arise himself  with  this  comprehensive  language  of  symbols. 

89.  The  change  which  iron  underwent,  when,  by  the  aid  of 
sulphuric  acid,  it  decomposed  water  and  liberated  the  hydro- 
gen, remains  now  to  be  considered. 

JEJxperimefU. — Pour  the  contents  of  the  flask  of  experiment 
83  into  a  porcelain  dish,  heat  them  to  boiling,  and  filter  them, 
A  black  residue  wiU  remain  on  the  filter,  which  principally 
consists  of  carbon  that  was  contained  in  the  iron ;  the  iron 
itself  has  been  dissolved,  and  has  passed  through  the  filter ; 
it  is  no  longer  iron  as  such,  but  has  been  converted  into  a 
.salt  of  iron,  which,  on  the  cooling  of  the  solution,  is  deposited 
in  green,  transparent  crystals.  The  formation  of  it  is  ex- 
plamed  in  the  following  diagram : 

Water  =  oxygen  aad  hydrogen 

Iron /  =■  oxide  of  iron 

gkilphimc«cid_ I  ^saltofim. 

This  salt  is  accordingly  caUed  sulphate  of  iron,  commonly 


known  aa  green  TitrioL  Iron  and  sulphimc  acid  cannot  com- 
bine directly  with  each  other,  for  it  ia  a  rule  in  inorganic 
chemistry,  with  but  few  exceptions,  that  dmple  bodies  unite 
onljf  wiUi  simple  bodies,  and  compound  onU/  with  compound 
bodies;  however,  this  combination  can  take  place  when  the 
iron  is  oxidised,  and  thus  converted  into  a  compound  body. 
The  water  contains  the  oi^gen  requisite  for  this  purpose,  but 
the  iron  has  not  power  enough  to  extricate  it  without  the 
asedstance  of  the  sulphuric  acid,  which,  having  a  strong 
affinity  for  a  base,  co-operates  with  it  and  enables  it  to  over- 
power the  water,  and  a  base  is  formed  (protoxide  of  iron) 
which  immediately  unites  with  the  sulphuric  acid.  The 
liberated  hydrogen  escapes  as  gas.  This  sort  of  affinity  is 
called  predisposing  affinity. 

Zinc  is  firequendy  used  instead  of  iron  in  the  prepasation 
of  hydrogen. 


90.  The  earth  is  surrounded  by  air,  as  by  a  mantle ;  this 
mantle  is  called  the  atmosphere,  and  is  supposed  to  extend 
about  forty-five  miles  above  the  solid  earth.  The  air  possesses 
no  colour,  and  is  transparent ;  hence  it  is  invisible,  and  its 
particles  are  so  easily  movable  upon  each  other  that  it 
cazmot  be  grasped  by  the  hand.  But  it  is  rendered  obvious 
pjg^  j^  that  lie  air  is  material,  and  fills  every  space  com- 
monly called  empty,  by  wrapping  strips  of  moist- 
ened paper  round  a  fiiimel,  so  that  it  may  fit  exactly 
into  the  mouth  of  a  bottle ;  if  the  funnel  be  now 
filled  with  water,  the  fluid  will  not  run  into  the 
bottle,  as  the  air  contained  in  the  latter  will  not  let 
it  enter ;  but  if  the  ^innel  be  raised  a  little,  the  air 
escapes,  and  the  water  immediately  ruffes  into  the 
bottle.  We  learn  also  by  the  balamce  that  a  vessel 
apjparently  empty,  i.e.,  containing  afanospheric  air, 
weighs  more  than  one  which  is  iwdly  empty,  aa 
when.the  air  has  been  exhaus<»d ficom  iL  Bkiit.air  is  so  light 
that  800  measures  of  it  weigh  only  as  much  a«  one  measure 
of  water,  yet  the  atmosphere  presses  with  great  weight  on  the 
earth,  and  upon  everything  thereon.    But  this  pressure  ia 
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Fig.  44. 


only  noticed  when  the  air  is  removed  from  a  place,  thus  leav- 
ing it  without  counter-pressure. 

91.  Fressure  of  the  Atmosphere. — Experiment.  —  Wrap 
some  tow  round  one  end  of  a  stick,  and  grease  it  with  tallow, 
thus  forming  a  plug,  which  must  fit  tightly  into  a  strong  test- 
tube.     Boil  some  water  in  the  test-tube,  and  when  the  air  has 

been  expelled  by  the  steam,  causing  a  vacuum, 
insert  tne  plug ;  as  the  water  cools,  the  plug 
will  be  pressed  down  upon  the  surface  of  the 
water ;  hy  heating,  it  is  again  forced  up  by 
the  steam  thus  generated,  and  by  immersing 
in  cold  water  it  is  again  forced  down.  In 
consequence  of  the  cooling  and  condensa- 
tion ot  the  steam  a  vacuum  is  formed,  and, 
therefore,*  the  counter-pressure  against  the 
weight  of  the  exterior  air  is  removed ;  the 

Sressure  of  the  latter,  accordingly,  forces 
own  the  plug.  On  this  principle  the  piston 
is  forced  up  and  down  in  the  cylmder  of  many 
steam-engines. 

92.  This  one-sided  pressure  often  causes  the  ascent  and 
reflux  of  liquids  in  tubes. 

Experiment. — 11  watier  is  boiled  as  was  directed  at  §  36, 

by  means  of  steam,  and 
^*^*  ^'  during  the  boiling  the 

lamp  IS  removed,  then 
the  pressure  of  the  air 
acting  on  the  surface 
of  the  water  in  the 
beaker-glass  will  very 
soon  force  the  water 
contained  in  it  through 
the  tube  ^ack  into 
the  flask,  which  in  a 
short  time  becomes 
quite  filled  with  water. 
The  counter-pressure 
of  the  steam  must  na- 
turally decrease  as  it  cools  and  condenses.  As  long  as  the 
lamp  IS  under  the  flask,  the  pressure  of  the  steam  is  stronger 
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than  that  of  the  air,  and  the  steam,  heing  con- 

I  tinually  generated,  forces  the  air  previously  con- 

I  tained  in  the  flask  into  the  water  of  the  beaker- 

L       ^*  glass.     This  reflux- of  liquids  is  particularly  to  be 

m  feared,  when  such  kinds  of  gases  are  conducted 

JH  into  water  as  are  absorbed  by  it  readily,  and  in 

/TV         large  quantities.     This  is  prevented  by  passing 

f  I   M      through  the  cork  a  second  glass  tube  open  at  both 

^^Jl^  ends,  and  letting  it  reach  nearly  to  the  bottom  of 

V^Hh  the  flask,  by  which  tube  air  can  penetrate  itito  the 

^^^^  flask  as  the  pressure  of  the  steam  diminishes.  This 

contrivance  is  called  a  safety-tvhe. 

93.  Ba/rometer. — It  has  been 
proved  by  exact  calculation 
that  the  atmosphere  presses 
upon  the  earth  with  a  force 
equal  to  that  of  a  layer  of 
quicksilver  30  inches  deep,  or 
a  layer  of  water  13|  times 
deeper  (34  feet),  water  being 
13^  times  lighter  than  quick- 
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Fig.  48. 
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'  Surface  of  the  earth, 
silver.  The  instrument  by  which  the  amount  of  atmo- 
spheric pressure  can  be  observed  and  measured 
is  called  the  harometer.  Fill  a  glass  tube,  32 
inches  in  length,  one  end  of  which  is  closed, 
with  quicksilver;  close  it  vrith  the  finger,  and 
invert  it  into  a  vessel  of  quicksilver;  on  re- 
moving the  finger,  the  mercury  will  not  riSn 
out,  but  will  fall  some  inches,  perhaps  to  * 
(Fig.  48).  The  height  of  the  column  of  quick- 
silver, from  alio  8,  amounts  to  about  30  inches. 
The  quicksilver  does  not  fall  lower,  on  account  of 
the  external  pressure  of  the  atmosphere,  which 
is  exerted  on  the  quicksilver  at  a  h,  and  not  at  «, 
since  this  end  is  closed.  The  column  of  quick- 
silver in  the  tube  may  be  regarded  as  the  counter- 
poise to  the  atmospheric  pressure,  and  it  is  hence 
concluded  that  the  latter  exerts  just  as  much 

n^  pressure  upon  the  earth  as  a  column  of  quick- 
I    silver  30  inches  high.     If  the  tube  be  opened  at 
the  top,  the  pressure  of  the  air  on  both  ex- 
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tpemitiea  being  then  made  equal,  the  quick  silvw  will  flow  from 
the  tube.     The  space  above  the  quicksilver,  at  «,  is  a  vacuum, 
and  is  called  the  Torricellian  vacuum,  from  the  name  of 
the  inventor.     In  common  barometers  the  tube  i»  curved 
»t  the  bottom,  and  provided  with  a  bulb.     This  bulb   is 
open  at  the  top,  and  supplies  the  place  of  the  vessel  filled 
J-    ^Q     with  quicksilver  in  the  preceding  figure.     Heoe  also 
*^/    the  pressure  is  only  exerted  at  one  end,  for  tlie 
■■  atmosphere  can  only  press  on  the  mercioy  coib- 
IH  tained  in  the  bulb.     The  height  from  o  (1%  4d)  to 
HI  the  top  of  the  quicksilver  amounts  to  about  30  inches. 
In       If  weights  be  placed  in  one  pan  of  a  balance,  the 
TT  opposite  one  will  rise,  but  on  their  removal  it  will 
I     sink.     The  samo  thing  happens  with  the  barometer, 
i    I     Any  increase  in  the  weight  or  density  of  the  air 
T    I     presses  the  ^[uicksilver  up,  and  the  barometer  rises ; 
J     I     but  any  diminution  of  weight  will  m^^e  it  fall.     The 
*    I     height  of  the  quicksilver  may  be  read  off  by  fixing  to 
i^o  I     the  upper  part  of  the  tube  a  scale  divided  into  inches 
^VJ     and  tenths  of  an  inch.     The  mean  state  of  the  baro- 
^^     meter  is  at  30  inches,  and  31  is  called  a  very  high, 
and  29  a  very  low,  state  of  the  barpmeter.    In  this  country, 
as  a  general  rule,  the  north  and  east  winds  cause  the  baro- 
meter to  rise,  and  the  south  and  west  winds  cause  it  to  fall. 
The  former  winds,  blowing  chiefly  from  the  land,  are  cooler, 
and  at  the  same  time  drier,  than  the  latter,  which  pass  over 
the  ocean,  there  becoming  saturated  with  moisture;  the 
former  likewise  come  from  colder  into  warrn^,  while  the 
latter,  on  the  contrary,  proceed  from  warmer  into  colder 
regions ;  by  which  the  capacity  of  saturation  for  vapour  is 
increased  in  one  case  and  diminished  in  the  other.     Hence  it 
IS  natural  that,  when  north  and  east  winds  prevail,  it  should 
rain  less  frequently  than  during  south  and  east  winds ;  and 
tiiat  the  former  winds  are  dry,  while  the  latter  are  damp. 
This  is,  perhaps,  the  principal  reason  why  barometers  are  re- 
garded as  weather  prophets. 

Why  water  does  not  flow  from  a  jar  inverted  over  the 
pneumatic  trough,  why  it  continues  to  flow  through  a  syphon 
after  the  air  has  been  exhausted,  why  liquids  will  nob  run 
into  a  vessel  when  the  air  is  confined,  or  why  water  will  only 
rise  to  the  height  of  34  feet  in  a  suction  pump,  are  questions 
that  scarcely  require  further  explanation. 


AIR.  77 

94.  If  the  pressure  or  tension  of  a  confined  qosntiiy  of  sir 
be  increased,  by  compressing  it  either  directly  or  by  the 
addition  of  more  air,  it  can  be  forced  to  stream  out  from  a 
small  opening  with  great  n^idity,  as  is  shown  on  a  small 
scale  in  the  common  bellows,  and  on  a  larger  scale  in  the 
blacksmith's  bellows.  Should  there  be  water  before  this 
opening,  the  air  wiU  press  it  out  in  a  jet  or  stream. 

JEa^perment. — Take  a  piece  of  a  fine  glass  tube,  drawn  out 
Fig.  60.  *®  *  point,  and  adapt  it,  by  means  of  a  perforated  cork, 
to  a  bottle.  PiU  the  bottle  half  full  of  water,  and 
blow  into  it  through  the  point  of  the  tube ;  when  the 
blowing  ceases,  the  air  will  escape  in  a  stiveam.  But 
if  the  bottle  be  inverted  as  soon  as  the  air  is  blown 
in,  then  the  water  will  be  i^urted  out  by  the  com- 
pressed air  above.  Such  an  apparatus  (the  washing- 
bottle)  is  frequently  employed  for  washing  residues 
or  precipitates  remaining  on  filters,  in  order  to  free 
them  from  soluble  matter.  There  is  a  similar  contri- 
vance connected  with  the  common  fire-engine,  called 
the  air-T^Bel,  enabling  it  to  throw  an  uninterrupted 
stream  of  water. 

95.  The  pressv/re  of  the  atmosphere  exerts  a  great 
influence  on  the  hoilmg  of  water,  and  of  other  liquids. 
If  water  is  made  to  boil  when  the  quicksilver  in  the 
.barometer  is  very  low  (in  foul  weather),  brisk  ebullition  will 
take  place  at  about  210°  P.  (99°  C.)  ;  when  the  quicksilver  is 
very  high  (in  dear  weather),  boiling  will  not  occur  under 
214°  F.  (101°  C.) 

Mcpierimewt. — ^Heat  a  flask  half  filled  with  water  till  the 

water  boils  briskly ;  tiien  remove  it  from  the  fire  and  quickly 

■pj    ^  cork  it.;  the  boiling  immediately  ceases,  but 

win  commence  again  if  cold  water  be  poured 

over  the  upper  part  of  the  flask.     In  this 

manner  it  can  be  made  to  bubble  or  boil, 

even  though  it  be  only  lukewarm.     There  is 

no  air  in  the  flask,  it  having  been  expelled 

by  tiie  steam,  and  it  could  not  re-enter  it, 

on  the   cooling  and  condensation  of  the 

steam,  on  account  of  its  having  been  closed. 

ConsequeDtly  iihere  is  no  pressure  of  air  on  the  water,  and  it 
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will  bofl  even  at  a  temperature  of  68°  F.  (20°  C.)  The 
boiling  ceased  on  account  of  the  pressure  of  the  steam  upon 
the  water ;  but  the  steam  being  condensed  by  the  cold  water, 
the  pressure  was  so  much  diminished,  that  a  portion  of  water 
again  became  aeriform  with  a  boiling  motion.  In  many  manu- 
£w;tories,  an  appropriate  apparatus  (vacuum-pan)  has  been 
contrived  for  boUing  and  evaporating  in  a  vacuum,  as,  for  in- 
stance, in  sugar-houses. 

The  air  is  densest  at  the  level  of  the  sea,  and  thinner  in 
proportion  to  its  distance  from  the  earth,  as  there  is  less  ait 
above  it.  Hence  the  mercury  will  stand  lower,  and  water 
boil  more  easily,  on  the  top  of  a  mountain  than  in  the  valley 
below.  On  the  top  of  Mont  Blanc  quicksilver  rises  only  to 
the  height  of  16  inches  in  the  barometer,  and  water  boils  at 
183°  F.  (84°  C.)  Hence  the  barometer  and  the  boiling  point 
of  water  may  be  employed  for  calculating  the  heights  of 
mountains. 

96.  As  water  boils  more  easily  under  diminished  pressure, 
so  it  boils  with  more  difficulty  when  the  pressure  is  increased. 
An  increase  of  pressure  can  be  produced,  not  only  by  the  alir, 
but  by  the  steam  of  the  water  itself,  if  new  steam  be  con- 
stantly generated,  while  the  escape  of  that  already  formed  is 
prevented.  This  is  best  done  by  heating  water  confined  in 
a  strong  and  firmly  closed  vessel.  Por  this  purpose,  a  Papin's 
Digester  may  be  used,  in  which  water  may  be  heated  to  the 
temperature  of  392°  E.  (200°  C),  and,  indeed,  still  higher, 
whilst  in  open  vessels  it  cannot  be  heated  above  212°  P. 
(100°  C.)  If  the  amount  of  steam  in  it  is  twice  as  much  as 
in  an  uncovered  vessel,  the  pressure  is  said  to  amount  to  two 
atmospheres ;  if  there  is  3,  4,  5, 10,  20  times  the  quantity, 
there  is  said  to  be  a  pressure  of  3,  4,  5, 10,  20  atmospheres. 
Vessels  of  this  kind  are  often  employed  to  effect  a  complete 
penetration  of  the  water  into  solid  and  hard  substances.  Thus, 
for  example,  water  at  212°  P.  (100°  C.)  dissolves  the  gela- 
tinous matter  only  on  the  surfiace  of  the  bones,  whilst  water 
at  a  temperature  ranging  from  230°  F.  (110°  C.)  to  248°  F, 
(120°C.)  entirely  penetrates  the  bones,  and  extracts  tbe  gela- 
tine also  from  the  interior  of  them. 

97.  Ai/r  and  Heat, — Heat  expa/nds  the  c^  in.  exactly  the 
same  way  as  it  does  solid  and  liquid  bodies,  but  to  a  much 
greater  extent. 
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Experiment. — Dip  a  glass  tube,  provided  with  a  bulb,  into 
Kg.  52.  water,  and  heat  the  bulb  gentlj;  a  part 

of  the  air  is  expelled,  and  escapes  in  bubbles 
through  the  water;  consequently,  there  is 
not  room  enough  in  the  bulb  for  the  heated 
air ;  but  it  requires  a  larger  space  than  it 
did  in  its  cold  condition.  It  follows  from 
this,  also,  that  the  warm  air  is  lighter  than 
cold.  If  the  lamp  be  remoyed,  the  air  re- 
maining in  the  bulb  will  contract  on  cooling, 
and  water  will  be  pressed  up  into  the  bulb, 
replacing  the  air  which  has  been  expelled. 

98.  Current  of  Air, — ^A  great  many  phe- 
nomena of  daily  occurrence  may  be  explamed 
by  the  difference  in  lightness  between  warm 
and  cold  air.  When  a  fire  is  lighted  in  a 
stove  for  the  heating  of  an  apartment,  the  air  immediately  in 
contact  with  the  stove  is  first  heated,  becomes  lighter,  and  as- 
cends ;  colder  air  rushes  in  to  supply  its  place,  and  this  be- 
comes likewise  heated  and  ascends ;  consequently,  a  constant 
circulation  of  air  is  kept  up.  By  a  similar  circulation,  the 
whole  atmosphere  of  the  earth  is  kept  in  continual  motion. 
I  At  the  equator  the  strongly  heated  air  ascends  and  moves  in 
I  the  upper  regions  of  the  atmosphere  towards  the  poles,  while 
in  the  lower  regions  the  current  of  cold  air  flows  from  the 
arctic  zone  towards  the  equator,  in  order  here  to  restore 


Fig.  53. 


again  the  equilibrium,  disturbed  every 
moment  by  the  ascent  of  the  warm  air. 
These  regular  currents  of  air,  the  direc- 
tion of  which  is  somewhat  diverted  by 
the  revolution  of  the  earth  on  its  axis, 
are  called  trade-winds. 

In  every  heated  apartment,  a  differ- 
ence between  the  heat  of  the  air  near 
the  ceiling  and  that  near  the  floor  is 
very  perceptible.  K  a  door  or  window 
in  such  a  room  be  opened,  a  current  of 
air  is  produced,  the  direction  of  which 
may  easily  be  perceived  by  holding  a 
lighted  candle  in  the  opening;  the  flame, 
when  held  above,  at  c  (Fig.  53),  is  blown 
Jrom  the   room;  when  placed  below, 
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at  a,  it  is  blown  into  it ;  consequently,  the  light  warm  air  above 
rushes  out  of  the  room,  and  is  replaced  hy  heavier  and  colder 
air  from  below.  A  draught  of  air  is  also  noticed  in  passing 
from  the  sunshine  into  the  shade ;  where  the  sun  shiiies,  ^ 
warmer  air  ascends,  and  the  colder  air  from  the  shade  si^plies 
its  place.  For  Ae  same  reason,  a  current  of  air  is  produced 
wherever  a  fire  is  burmng,  in  every  stove,  and  round  every 
lamp. 

The  air-balloons,  first  constructed  by  Montgolfier*  strikingly 
Aow  how  buoyant  air  may  be  rendered  by  heat ;  these  are 
caused  to  ascend  merety  by  filling  them  with  air,  kept  continu- 
ally hot  by  a  fire  beneath. 

99.  Gases. — Formerly,  atmospheric  air  only  was  known,  but 
chemistry  has  shown  that  there  are  various  kinds  of  air,  light 
and  heavy,  poisonous  and  innocent ;  some  of  which  are  com- 
bustible, others  not  so,  but  which  will  support  combustion,  and 
others  which  extinguish  it  It  has  also  been  shown  that  some 
sorts  of  air  are  concealed  or  chemically  bound  in  many  solid 
and  liquid  bodies,  in  which,  from  their  external  appearance,  the 
presence  of  gases  would  never  have  been  suspected  ;  as,  for  in- 
stance, oxygen  in  oxide  of  mercury,  and  oxygen  and  hydrogen 
in  water.  These  kinds  of  air  are  commonly  called  gases.  The 
aeriform  state  is  their  natural  condition,  and  they  only  assume 
die  solid  or  liquid  state  on  compulsion.  Their  densities,  like 
solids  and  liquids  (§  23),  are  likewise  expressed  in  numbers ; 
but  it  must  be  remembered  that  in  this  case  atmospheric  air^ 
and  not  water,  is  assumed  as  unity. 

Vapour, — Many  other  bodies  become  aerifbrm  on  beiq^ 
heated,  some  quite  easily,  as  alcohol  ^nd  water ;  others  wi^ 
more  difficulty,  as  sulphur  and  mercury ;  but,  on  being  cooled, 
they  lose  their  gaseous  form,  and  assume  again  the  liquid  er 
solid  state.  Such  species  of  air  are  called  vapour  or  steamy 
they  become  gaseous  only  iipon  compulsicm;  their  nakiral  stale 
is  liquid  or  solid. 

Compo^tion  of  Air. 

100.  The  last  question  concerning  idr  k^  What  «re  its  oob- 
ponent  parts?  for  that  it  is  not  a  simple  substacnce,  not  m 
element,  has  already  been  stated. 

Experiment, — Fasten  a  piece  of  sponge  to  a  wire,  drop  soWb 
alcohol  upon  it,  and  hold  the  vdre  in  a  vessel  contabing  watqv 
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so  that  the  sponge  may  he  some  inches  ahoye  the  water.     Then 
Tie,  54.  kindle  the  spirit,  and  immediately  place  an 

empty  hottle  over  it,  so  that  the  mouth  of  it 
may  dip  into  the  water ;  the  flame  will  soon 
cease  huming,  and  some  of  the  water  will  rise 
into  the  hottle,  in  proportion  to  the  amount 
of  air  disappearing  during  the  comhustion. 
The  consumed  air  was  oxygen,  which  united 
with  the  constituents  of  the  alcohol.  Close 
I  the  hottle  tightly  with  the  finger,  shake  it 
briskly,  and  again  open  it  below  the  water, 
when  a  little  more  water  will  enter.  The 
air  which  is  in  the  flask  is  called  nitrogen  ;  it  is  sometimes  called 
azote  (a  privative,  and  fw^,  life),  from  its  inability  to  support 
respiration.  It  forms  the  chief  element  of  atmospheric  air;  this 
consisting  of  four  measures  of  nitrogen,  and  only  one  of  oxygen, 

NITBOGEN  OB  AZOTE  (n). 
At.  Wt  =  14.  —  Sp.  Gr.  =  0.97. 
101.  Nitrogen  gasy  the  preparation  of  which  has  just  been 
given,  is  erroneously  called  azotey  as  we  are  continually 
breathing  it  without  perceiving  any  injurious  effects  £rom  it ; 
it  stops  respiration  only  when  it  contains  no  oxygen,  and  be- 
cause it  contains  none.  The  human  body  is  so  constructed, 
that  it  will  not  thrive  on  substances  intended  as  nourishment  if 
they  are  presented  to  it  in  their  purest  form.  Strong  alcohol 
acts  as  a  poison,  but  when  diluted  with  four  or  five  times  its 
quantity  of  water,  as  in  wine,  it  is  invigorating.  Even  the 
respiration  of  oxygen  would  soon  destroy  life,  were  it  not  di- 
luted with  four  times  its  volume  of  nitrogen,  as  in  atmospheric 

Nitrogen  has  neither  colour,  smell,  nor  taste,  and  in  a 
chemical  point  of  view  it  must  be  regarded  as  a  very  inert  or 
indifferent  body,  since  it  does  not  combine  directly  with  any 
other  substance.  If  we  would  combine  it  with  another  body, 
we  must  adopt  a  circuitous  method.  It  is  very  widely  diflnsed 
in  nature,  particularly  in  the  organic  kingdom,  for  we  find  it 
in  all  plants  and  animals.  It  is  also  contained  in  saltpetre  or 
nitre^  whence  its  name  nitrogen  (generator  of  nitre);  its  sym- 
bol is  N. 
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102.  Besides  oogrgen  ftod  nitrogen,  air  contains  vixpo^ar  of 
water  and  earhome  add.  Hie  presence  of  the  former  is  ren- 
dered obYioas  bj  the  fiill  of  rain,  snow,  dew,  &c. ;  and  that  of 
carbonic  acid  can  easily  be  shown  by  letting  lime-water  re- 
main exposed  to  dbe  air,  as  in  §  46,  or  by  shaking  it  in  a  flask 
containing  air.  I^me  has  an  affinity  lor  carbonic  aad^  and 
forms  wilSb  it  an  insc^ohle  salt  (carbonate  of  lime,  or  ^alk). 
This  occasions  a  doodiness  in  the  liquid;  it  is  the  affinnadye 
answer  to  the  qnestion  pot  by  the  lime-water  to  the  air.  If 
yon  ask.  What  is  the  source  of  this  carbonic  acid?  Ae  reply 
is,  It  is  formed  wherever  sobstances  are  boming,  wheievei  men 
and  annuals  are  bieathing^  and  wherever  decay  aond  pctrefac- 
iaasi  are  taking  place. 

In  100  measures  of  atmosfdieric  air  are  contained — 

21  *«  O^SBr  "  ol 

^— ^ "        Cttbomcadd,  "CO,, 

and  TanaUeqiuiitities  of  inter,  "  HO. 

In  crowded  rooms,  and  other  confined  places,  the  air  be- 
comes deteriorated;  that  is,  poorer  in  oxygen  and  richer  in 
carbonic  add. 

That  the  air  also  contains  other  fordgn  ingre^ents  is  not 
strange,  since  it  is  the  constant  receptaide  of  volatile  substances 
and  dust.  Tlie  air  coming  firom  the  Spice  Islands,  even  at  the 
distance  of  eight  or  ten  miles,  is  impregnated  with  the  odonr 
of  cinnamon  and  doves.  The  dnst  contained  in  the  air  can  be 
discerned  in  the  sunbeam,  &c.  These  admixtures  are  usually 
so  smaU,  that  they  can  ndther  be  determined  by  weight  nor 
by  measure. 

CHARCOAL     AND     FIBE. 
CUBSeV  <»  CHASOOAIr  (c> 

At.Wt  =  S. 

103.  If  a  peee  of  wood  be  pUced  on  the  hot  hearth  of  a 
stove,  it  becGones  brown,  and  fioally  black, — ^it  is  charred  or 
carbonised.  If  water  be  poured  upon  a  burning  chip,  the 
latter  is  extinguished, — it  is  seen  to  be  also  carbonised.  A 
piece  of  linen,  when  inflamed  and  immediately  smothered, 
becomes  tinder.  Tinder  is  carbonised  linen.  In  the  first 
case,  the  heat  was  not  suffidently  strong  entirdy  to  bum  the 
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wood ;  in  the  seeond,  Ae  complete  combustion  was  prerented 
hy  cooling ;  and  in  the  third,  by  the  exclusion  of  air.  AU 
animal  and  vegetable  substances,  if  onfy  partially  burnt,  are 
converted  into  charcoaL  As  charcoal,  on  exchi^on  of  the 
idr,  cannot  be  melted,  eyen  in  the  strongest  heat,  so  its  ex- 
ternal appearance  is  yery  difierent,  according  to  the  nature  and 
structure  of  the  substance  from  which  it  was  prepared ;  indeed, 
this  di£[erenee  often  extends  to  the  innate  properties  oi  charcoal, 
as  in  wood-diarcoal,  soot^  coke,  bone-blaclC  &c.  In  the  charring 
of  org^snic  bodies,  the  charcoal  is  not  generated,  but  it  preyious)  j 
existed  in  them,  thou^  in  chemical  combination  with  other 
substances,  which  are  prindpally  driyen  off  by  heat,  as  is 
obyiously  the  case  from  the  £act  that  the  carbonised  body 
weighs  much  less  than  the  origmal  substances.  All  animals 
and  plants  consist,  therefore^  partly  oi  charcoal ;  or,  in  chemical 
language,  of  carbon  =  C. 

Carhon  also  exi^  in  the  mineral  kingdom.  It  forms  the 
principal  element  of  common  coal,  brown  coal,  he^  which  haye 
all  been  formed  from  the  yegetation  <A  an  earlier  period.  It  is 
found  almost  pure  in  the  diamond  and  in  graphite,  and,  com- 
Inned  with  oxygen,  is  contained  in  limestone,  marble,  chalk, 
and  yarious  other  minerals. 

104.  Charcoal  (C  ccmtaining  a  smaH  quan^y  of  ashes). 
Experiment. — GradnaQy  introduce  a   burning  splinter  of 
Jig,  55.         ^    wood  into  a  test-tube*    The  part  out- 
y^P    side  of  the  tube  only  will  bum  with  a 
J^^     flame,  while  that  within  merely  car- 
J^^         bonisei^  because  the  air  is  excluded. 
jM^  On  the   same  principle,  wood-charcoal 

4S^^  ^  prepared  on  a  large  scale.     Files  of 

jHJ^t  wood  (charcoal  kibs)  are  erected,  which 

^^^  are  coyered  with  ton  and  moist  earth, 

^r  and  Ab  wood  is  then  kindled.     This 

would  be  extii^^uished,  howeyer,  for 
want  of  air,  if  holes  were  not  made,  by  wooden  pokos,  at  dif- 
ferent parts  of  the  kiln,  through  whim  fresh  air  may  be  ad- 
opted, and  the  burnt  air  may  escape.  Only  so  mudi  air  should 
be  admitted  as  is  necessary  for  carbonising  or  half-burning  the 
wood.  When  this  has  be^i  accomplidied  in  the  neighbourhood 
of  the  holes,  they  must  be  dosed,  and  new  ones  made  at  other 
points.     At  last  all  the  c^nings  are  carefully  stopped,  that  the 

p2 
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fire  may  be  suffocated.  When  cold,  the  wood  will  be  found 
black  throughout  and  carbonised,  the  shape  of  the  knots  and 
annual  rings  being  still  perceptible.  One  pound  of  wood  yields 
about  one  quarter  of  a  pound  of  charcoal. 

105.  Experiments  with  Wood'charcodL 
Experiment  a. — Weigh  a  piece  of  freshly-burnt  charcoal^  and 
let  it  remain  for  a  day  in  a  moist  place ;  it  will  now  weigh  more 
than  before,  owing  to  its  having  imbibed  air  and  moisture.  If 
the  charcoal  be  now  put  into  hot  water,  the  air  will  escape  from 
it  in  numerous  bubbles,  being  expelled  by  the  heavier  water, 
which  replaces  the  air  in  the  small  interstices  or  pores  of  the  char- 
coal. The  snapping  of  this  charcoal  when  placed  upon  the  fire 
is  hereby  easily  explained ;  the  gases  and  watery  vapour  con- 
tained in  the  cnarcoal  are  expanded  to  such  an  extent  by  the 
sudden  heat,  that  the  charcoal  is  forced  asunder,  with  a  sort  of 
explosion.  Polished  steel  articles  are  often  packed  up  in  char- 
coal dust,  that  the  air  in  the  interior  of  the  package  may  be  kept 
dry,  thus  protecting  the  steel  from  rusting.  Pulverised  char- 
coal, on  account  of  its  absorbing  power,  may  abo  be  used  for 
purifying  sick  rooms,  and  other  iq>artments  filled  with  deleterious 
vapours  and  gases. 

Experiment  b. — Grind  freshly-burnt  charcoal  to  a  coarse 
powder,  and  place  it  on  a  filter.  Then  pour  over  it  some  red 
wine,  or  some  water  coloured  black  by  a  few  drops  of  ink  ;  the 
liqmd  will  pass  through  the  filter  nearly  or  qidte 
^  '  colourless,  the  charcoal  having  absorbed  or  retamed 
the  colouring  matter.  Sugar-refiners  take  advan- 
tage of  this  property  of  chaux;oal  in  bleaching  their 
brown  syrups. 

Experiment  c, — Foul  stagnant  water  is  deprived 
of  its  bad  taste^  and  is  rendered  clear  and  colour- 
less, by  being  filtered  through  charcoal.  In  some 
large  cities,  where  there  is  a  scarcity  of  potable 
water,  it  is  not  unusual  to  filter  through  charcoal. 
Grain,  likewise,  which  has  become  musty,  may  be 
rendered  sweet  by  intimately  mixing  with  it  pulverised  cnar- 
coal, and  allowing  them  to  remain  some  weeks  in  contact. 
Charcoal  will  also  retard  decay  in  vegetable  and  animal  sub- 
stances for  a  long  period,  and  water  remains  pure  for  years  in 
vessels  which  have  been  charred  upon  the  inside;   potatoes 
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may  be  kept  in  cellars  longer  without  sprouting  or  rotting, 
when  laid  in  with  charcoal  dust ;  and  meat,  when  packed  in  it, 
passes  more  slowly  into  a  state  of  putrefaction. 

Experiment  d, — Charcoal  renders  ordinary  brandy  plea- 
santer  in  taste  and  sraell,  by  absorbing  into  its  pores  an  acrid 
volatile  oil,  fusel  oily  with  which  some  crude  brandy  is  contami- 
nated. It  also  deprives  beer  of  its  bitterness,  by  absorbing 
certain  component  parts  of  the  hops, 

106.  The  cause  of  this  remarkable  power  of  charcoal  to 
attract  and  retain  within  itself  such  various  substances,  depends 
on  its  spongy,  porous  character.  If  a  plate  of  glass  be  dipped 
into  water  and  immediately  removed,  some  of  the  water  will 
rem^dn  adhering  to  its  surface,  showing  that  the  water  and 
glass  have  an  attraction  for  each  other.  This  power  is  called 
surface-attraction,  or  adhesion.  This  adhesion  can  be  better 
illustrated  by  dipping  a  glass  tube  with  a  fine  bore  into  water ; 
the  water  rises  in  it,  and  the  rise  in  the  tube  will  increase  in 
proportion  to  the  decrease  of  the  diameter.  Such 
*^*  '  tubes  present  a  great  surface  of  glass  to  a  small 
amount  of  liquid,  and  the  sides  are  in  such  close 
proximity,  that  they  aid  each  other  in  drawing  up 
the  water  into  the  tube.  This  kind  of  adhesion  is 
called  capillary  attraction.  It  is  this  which 
causes  oil  to  rise  in  the  lamp-wick,  the  spreading 
of  water  in  blotting-paper,  and  its  difiiision  through 
sugar,  brick  walls,  &c.  In  the  same  manner,  all 
solid  bodies  which  have  many  pores  and  conse^ 
quently  much  surface^  attract  fluids  and  gases, 
A  piece  of  charcoal,  the  size  of  a  walnut,  is  inter- 
sected by  many  hundreds  of  partitions,  which,  if  they  could  be 
placed  by  the  side  of  each  other,  would  cover  a  space  a  thou- 
sand times  larger  than  the  piece  of  charcoal  itself  covered.  The 
force  of  attraction  of  this  large  surface  is  so  powerful,  that  the 
charcoal  can  absorb  from  80  to  90  times  more  than  its  own 
bulk  of  many  kinds  of  gas.  It  is  very  probable  that  these 
gases,  by  sucn  a  compressure  into  80  or  90  times  smaller  space 
within  the  charcoal,  become  fluid  or  solid. 

In  the  case  of  spongy  platinum  (§  85,  c),  a  yet  more  porous 
substance  than  charcoal,  heat  is  produced,  in  consequence  of 
the  absorption  of  oxygen  and  hydrogen  rendering  the  platinum 
red'hot.     Heat,  also,,  but 'to  a  less  extent,  is  developed  in  char- 
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coal  whea  it  abfiorbs  gases ;  the  charcoal  may  even  become 
heated  to  redness,  UDdeigoing  spontaneous  combustion,  by 
heaping  together  large  masses  of  it  in  a  pulverised  state,  and 
many  an  unfortunate  accident  has  occurred  from  this  cause, 
especially  in  factories  for  the  manufacture  of  gunpowder. 

Hydrogen  and  oxygen,  however  long  they  remun  in  contact, 
do  not  enter  into  chemical  union,  but  when  the  mixture  is 
brought  into  contact  with  spongy  platinum  they  instantly 
unite,  forming  water.  This  will  be  easily  understood,  when  it 
is  remembered  that  chemical  force  acts  only  at  insensible  dis- 
tances, and  consequently  only  when  substances  are  in  the  very 
closest  contact.  In  spongy  platinum,  as  in  other  porous  bodies, 
gases  can  be  condensed  to  me  80th,  and  indeed,  in  the  former 
case,  to  the  800th  part  of  their  yolume;  they  must  ther^ore 
touch  each  other  from  80  to  800  times  more  closely  than  in 
their  natural  condition. 

107.  In  addition  to  wood-charcoal,  the  following  other  kinds 
of  charcoal  haye  many  different  applications. 

Soot,  or  lamp'bldck  (C  containing  empyreumatic  matter),  is 
charcoal  in  a  state  of  minute  division,  which  is  d^osited  ^m 
carbonaceous  gases,  commonly  firom  illuminating  gas;  for  in- 
stance, from  the  flame  of  common  coal,  wood,  oil,  rosin,  &c., 
when  during  the  combustion  there  is  an  insufficient  simply  of 
air.  One  variety  of  superior  quality  is  called  lamp-lmck. 
(§  116.)  The  soot  must  be  freed  from  the  empyreumatac  sub- 
stances, either  by  igniting  it  thoroughly  in  a  well-closed  vessel, 
or  by  treating  it  with  strong  alcohol.  Soot,  as  is  well  known, 
is  our  most  important  black  colouring  substance  (Indian  ink, 
printing-ink). 

CokCy  or  carbonised  coal  (C  generally  <K>ntaining  conader- 
able  quantities  of  ashes),  has  a  grey  colour,  is  more  or  less 
porous,  is  very  hard,  and  has  a  metallic  lustre;  it  bums  with- 
out forming  soot,  and  gives  out  an  intense  heat;  hence  it  is  an 
excellent  fuel,  and  especially  adapted  for  the  smelting  of  iron, 
and  for  the  heating  of  locomotive  boilers.  Coke  is  obtained  «s 
a  secondary  product  in  the  preparation  of  illuminating  gas  from 
coal.     (§  118.) 

Bone-black  (C  intimately  mixed  with  bone-ashes,  and  gene- 
rally also  with  some  azotised  substances)  is  obtained  by  heating 
bones  in  close  vessels.  The  carbon  contained  in  it  amounts  only 
to  about  one-tenth  part  of  the  whole,  the  other  nine-tentlis 
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being  bone-ashes;  bnt  notwiihsUiidiDg  this,  its  deedorisiiig 
power  is  so  strong,  that  it  is  preferred  to  all  other  kinds  of  char- 
coal as  a  BMans  of  abstaoting  cokrar  from,  the  syrap  of  brown 
SDgar,  or  from  other  dark  Hqmds. 

Two  sorts  of  carbon  found  in  the  mineral  kingdom,  fix.,  gra- 
phite and  the  diamond,  possess  ^eiy  remarkable,  yet  di£^rent, 
properties. 

GrapkUey  or  plmnbago  (aystaUised  Uadfc  carbon),  a  grey 
sdbstaaoe,  haying  a  metaJlic  Instre,  imparts  its  colour  so  rewiily 
to  othar  bodies,  that  it  is  used  iov  making  lead  pencils,  and  for 
gi¥ii^  a  black  polish  to  iron  articles,  sudi  as  stoves,  &c ;  it  is 
so  soft  and  lubricaling,  that  it  is  added  to  grease  for  the  purpose 
of  preventing  friction  in  ^iHieels  and  madbinery ;  it  is  also  so 
nettly  incombustible,  that  crudbles  are  made  of  it,  which  stand 
the  strongest  heat  without  burning  (blue-pots). 

Diamond  (crystallised  colourless  carbon)  is  the  hardest  of  all 
bodies.  In.  external  i^ppearanee  it  has  not,  indeed,  the  slightest 
resemblance  to  charcoal,  yet  it  can  be  entirely  burnt  up  in 
oi^gen,  and  carbonic  add  is  the  only  product  obtained  from  it, 
and  exactly  so  much  is  obtained  as  would  have  resulted  from 
the  ocmibustion  of  an  equally  heavy  piece  of  vtrood-charcoal  or 
cdce.  In  order  to  crystallise  a  subBtance,  it  must  first  be 
rend^^  fluid,  which  is  done  dtl^r  by  melting  or  dissolving  it. 
Charcoal  can  ndther  be  melted  by  the  strongest  heat,  mat  dis- 
solved in  any  known  liquid.  Should  a  method  ever  be  disco- 
voed  for  rendering  it  liquid,  then  diamonds  could  certainly  be 
artifidaMy  imitated. 

108.  Qffbon  shows  very  dearly  how  one  and  the  same  body 
can  have  quite  different  forms  and  different '  properties.  In 
wood-cfaarooal,  soot,  coke,  and  animal  charcoal,  it  b  black  with- 
out any  determinate  shape  {amorphous),  and  very  combustible; 
in  graphite  it  is  black,  with  a  crystallised  foliated  structure,  and 
is  nearly  incombustible ;  in  the  diamond  it  is  colourless,  and  is 
cratalhsed  as  a  four-sided  double  pyramid  (octahedron),  and  is 
likewise  almost  incombu^ible.  Hence  carbon  is  said  to  be  cft- 
morphouSy  having  two  different  crystalline  forms.  If  a  body 
can  assame  more  than  two  crystalline  f^ms  it  is  said  to  be  pofy^ 
morpkousj  having  many  forms. 

This  property,  which  many  elements  have,  of  assuming  dif- 
faent  forms,  is  also  called  cdlotropic  (from  aKKorpAwos,  differtni 
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nature\  and  it  is  designated  by  annexing  Greek  letters  to  the 
chemical  symbols.  Accordingly,  carbon  occurs  in  the  three  fol- 
lowing allotropic  states  or  modifications^  as  C  a  in  the  diamond, 
C  j3  in  graphite,  and  C  y  in  wood-charcoaL 

The  cause  of  this  difference  depends  upon  the  relative  position 
of  the  particles  or  atoms  constituting  the  body  towaids  each 
other.  The  same  fibres  of  cotton,  which,  after  carding,  are 
parallel  to  each  other,  when  matted  together  without  (order,  con* 
stitute  paper  or  pasteboard;  when  loosely  woven  together, 
wadding;  when  twisted,  yam  or  thread;  and  when  they  are 
made  to  intersect  each  other  regularly,  or  in  some  intricate 
manner,  cloth,  stockings,  velvet,  &c.  Nature  also  impresses 
different  forms  upon  the  same  substance,  but  in  a  still  more 
varied  and  artistical  manner.  The  adaptation  of  the  atoms  to 
each  other  is  not  rendered  visible  to  us,  even  by  the  aid  of  the 
strongest  microscope ;  but  this  theory  may  be  regarded  as  cor- 
rect, since  it  exphuns  the  subject  in  a  ^ple  and  natural 
manner. 

109.  Charcoal  and  Oxygen. — Charcoal  undergoes  no  change 
on  exposure  to  the  air,  or  when  imbedded  in  the  ground.  It  is 
not  decomposed  at  common  temperatures,  that  is,  it  does  not 
enter  into  combination  with  the  oxygen  of  the  air  or  of  water. 
But  thb,  as  is  well  known,  takes  place  very  readily,  when  heated 
to  redness.  It  then  burns  and  disappears,  with  the  exception 
of  a  small  quantity  of  ashes.  The  heat  thus  developed  is  the 
result  of  its  chemical  combination  with  the  oxygen  of  the  air. 
The  gas  generated  is  called  carbonic  add,  wmch  forms,  with 
lime-water,  a  white  precipitate  (carbonate  of  lime),  as  has  been 
stated  previously.  Carbonic  acid  consists  of  one  atom  of  carbon 
and  two  atoms  of  oxygen,  consequently  its  formula  is  =  C  O2. 
It  may  also  be  obtained  as  follows. 

Carbonic  Acid, — Experiment — Mix  109  grains  of  oxide  of 
mercury  with  four  grains  of  charcoal,  and  heat  them  in  a  test- 
tube.  (§56.)  A  lighted  taper  introduced  into  the  gas  is  extin^ 
g^ished,  a  sign  that  it  contains  no  free  oxygen.  If  you  shake 
it  with  lime-water,  the  liquid  becomes  turbid,  and  on  shaking 
the  flask  the  finger  is  sucked  in,  or  rather  it  is  pressed  into  the 
neck  of  the  flask  by  the  atmospheric  air — a  proof  that  the  gas 
was  absorbed  by  the  lime-water,  and  that  a  vacuum  was  pro- 
duced within  the  vessel.     If  the  oxide  of  mercury  had  been 
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heated  by  itself  (§  56),  it  woald  have  separated  into  mercury 
Kg.  68.  Mid     oxygen;     and 

this  also  happens  in 
the  present  experi- 
ment, but  the  oxygen 
does  not  escape  as 
such,  it  having  pre- 
viously united  with 
part  of  the  charcoal ; 
the  gas  evolved  is 
carbonic  acid.  The 
mercury  is  found,  as 
a  metallic  mirror,  at 
the  upper  part  of 
the  test-tube.  After 
the  experiment  is 
finished,  some  char- 
coal still  remains  in 
the  test-tube,  for  only  3  grains  of  it  have  united  with  the  8 
grains  of  oxygen  contained  in  the  oxide  of  mercury ;  conse- 
quently, in  the  same  proportions  as  in  the  burning  oi  charcoal 
in  pure  oxygen.  (§§  63,  70.)  We  see  that  3  grains  of  carbon 
combine  with  as  much  oxygen  as  101  grains  of  mercury,  or 
(§  70)  with  as  much  oxygen  as  8  grains  of  sulphur,  6  grains 
dF  phosphorus,  23  grains  of  sodium,  or  20  grains  of  iron. 
These  numbers  are  called  equivalents;  they  indicate  that  3 
grains  of  carbon  have  the  same  chemical  value  as  101  grains  of 
mercury,  or  as  8  grains  of  sulphur,  &c.  In  the  same  sense, 
when  we  see  a  steam-engine  perform,  in  one  day,  the  work  for 
which  four  horses  or  twenty-four  men  were  required,  we  say 
that  the  power  of  the  steam-engine  is  equivalent  to  the  power 
of  four  horses  or  twenty-four  men.  *  (§  164.) 

110.  Carbonic  Oxide  Gas. — ^When  charcoal,  durmg  com- 
bustion, has  a  sufficient  supply  of  air,  then  carbonic  acid,  or 
O  O2,  is  formed ;  but  if  there  is  a  deficiency  of  air,  then  3  g^rains 
of  charcoal  unite  with  only  half  as  much  oxygen,  namely,  with 
4  instead  of  8  grains,  and  there  is  produced  out  half-made  car- 
bonic acid,  as  it  were,  which  is  callea  carbonic  oxide  gas  =  C  O. 
Carbonic  oxide  gas  is  extremely  poisonous  when  inhaled,  and 
constitutes  what  the  miners  call  coal-gas.  This  gas  is  always 
formed  when  charcoal  bums  slowly,  for  example,  in  a  chafing- 
dish,  because  the  ashes,   accumulating  round  the  pieces  of 
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^arooaly  ofartract  the  aooeas  (^  air;  and  it  is  also  formed  idM& 
the  damptf  of  a  stove  is  closed^  before  the  ooal  *is  burnt  out, 
since  in  this  case  the  draught  of  air,  and  consequently  the 
supply  of  aoffiment  oxygen,  is  prevented.  Not|frithstanding 
repeated  warnings,  accidents  not  seldom  occur  from  the  fiimes 
of  burning  charcoaL  Carbonic  oxide  burns  when  kindled, 
with  a  blue  £ame ;  it  takes  up  the  deficiency  of  oxygen  not 
st^^ed  to  it  by  the  air  while  forming,  and  is  converted  into 
carbonic  add  ;  that  is,  it  takes  up  as  mudi  again  oxygen,  and , 
C  O  becomes  C  Of  The  Une  flame  whidi  is  always  perceived 
on  feeding  the  fire  with  fresh  coals,  or  in  large  masses  of  glow- 
ing coal%  is  burning  carbonic  oxide  gas. 

COMBITSTIOS. 

111.  Every  combustion  with  which  we  are  fiftmiliady  ac- 
qufunted  is  caused  by  a  rapid  chemical  imion  of  combustibfe 
bodies  with  the  oxygen  of  the  air,  and  the  process  may  be  re- 
garded as  one  of  oxidation.  The  consumed  or  oxidised  com- 
bustible substances,  that  is,  the  compound  of  the  fuel  with 
oxygen,  are  mostly  amform.  We  call  them  smoke,  which  will 
not  support  combustion.  It  follows  frcnn  tiiis,  that,  in  OTder  to 
n^^fAin  combustion,  fresh  air  must  be  corUinucUfy  suppked 
to  the  fire,  and  the  smoke  cofiducied  off.  Thb  is  efiected  by 
a  current  of  air.  « 

Experiment — ^Piace  the  g^ass  cylinder  o£  a  lamp  over  a 

lighted  candle,  which  wOl  soon  be  ex- 

^i£*^d«  ting^shed,  because  no  fi:esh  air  can 

X  enter  fircnn  below.  The  candle  is  aisa 
extinguished  when  the  cylinder  is 
covered  at  the  top,  although  the  cylin- 
der is  so  hdd  that  the  fur  can  gun  ad- 
mittance fixim  below;  it  is  extinguished 


in  this  case,  because  tiie  escape  of  the 

IftJ 


burnt  gases  is  prevented.  If  the  cy- 
linder is  {^ed  uncov^vd  on  two 
pieces  of  wood,  the  candle  oontinuee 
to  bum  quietiy,  and  by  holding  a  taper 
xecendy  extinguished  near  the  lower  opening,  it  will  be  obvious, 
fixmi  Uie  direction  of  the  smoke,  that  air  rushes  in  at  the 
bottom,  but  escapes  at  tiie  top,  havmg  become  hoi  a^d  lighter 
during  the  process  of  combustion. 

The  hand  oan  be  held  tolerably  dose  over  the  flame  dF  a  lamp 
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widumt  beiDg  burnt,  but  if  die  flame  hb  surrounded  hy  tbe 
glass  cylinder,  the  heat  cannot  be  borne,  unless  the  hand  be 
much  further  remoFed  from  the  flame.  In  the  former  case  the 
hot  air  radiates  in  all  directions,  while  in  the  latter  it  is  con- 
fined by  the  cylinder ;  consequently  the  hot  air  must  issue  from 
the  top  $More  rapidly y  and  tlie  oold  air  enter  more  rapidly  from 
below  to  replace  it.  Owing  to  this  increased  current  of  air, 
cylinders  e££ct  a  biidEer  and  more  perfect  combustion,  and  cause 
a  brighter  and  strongs  illuminating  flame. 

Chimneys  are  to  fireplaces  what  cylinders  are  to  lamps.  It 
is  well  known  that  narrow  chimneys  draw  better  than  wide 
ones ;  the  air  esci^>es  from  the  former  hotter  and  more  rapidly; 
hence  a  greater  quantity  of  cold  air  is  supplied  to  the  fire, 
causing  it  to  bum  more  freely. 

JSjpperiment. — If  the  upper  part  of  the  cylinder  of  a  lamp 
be  divided  into  two  oiannels  by  a  par- 
tition down  the  middle,  the  candle  will 
then  bum,  even  if  access  of  lur  be  cut 
off  from    below.      The  smoke  of   a 
glimmering  taper  will  be  drawn  in- 
wards on  one  side  and  expelled  from 
the  other^  as  indicated  by  the  arrows  in 
the  fig^ure ;  a  draught  of  air  sets  in 
from  die  top  to  the  bottom,  which  sup- 
plies the  oxygen  requisite  for  combus- 
tion ;  that  this  current  of  air  exists  is 
also  made  evident  by  the  quivering 
motion  of  the  flame. 
112.  In  common  lamps  and  candles,  air  has  access 
only  to  the  outside  of  the  flame  ;  hence  combustion 
goes  on  only  at  the  circumference,  and  not  simul- 
taneously in  the  interior,  as  is  indicated  by  the  dark 
central  portion.     But  if  air  be  admitted  into  the 
interior  of  the  flame,  this  dark  portion  disappears  ; 
then  more  perfect  combustion  is  effected,  with  the 
production  of  increased  light.     On  this  principle 
the  so-called  Argand  lamps  are  constructed,    to 
wludi  are  adapted  circular  wicks,  so  that  the  ur  has 
access,  not  only  to  the  outer  sur&ce  of  the  flame, 
but  is  admitted  from  bdow  directly  through  the  cen- 
tre of  the  flame,  causing  it  to  burn  in  the  form  of  a 
hollow  ring.  They  are  also  called  lamps  with  a  doable 
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Fig.  62.  draught.     The    so-called    Berzelius  Spirit- 

Lamp,  universally  employed  in  chemical 
lahoratories,  when  a  higher  heat  is  required 
than  a  common  spirit-lamp  can  yield,  is  con- 
structed on  this  principle.  It  is  made  of 
sheet  hrass,  is  attached  to  a  hrass  stand,  and 
is  provided  with  several  rings  of  various  sizes 
for  holding  porcelain  dishes,  crucihles,  and 
other  vessels,  that  are  to  he  heated.  In  using 
this  lamp,  care  must  he  taken  that  sufficient 
space  he  left  between  the  vessels  and  the 
chimney  for  the  escape  of  the  hot  air,  and  for 
the  diffusion  of  the  upper  part  of  the  flame. 
If  this  be  not  done,  the  combustion  will  be  imperfect,  and  conse- 
quently less  heat  be  given  out.  When  it  is  desii^  to  feed  the  lamp 
with  more  alcohol,  the  flame  must  first  be  extinguished,  as  other- 
wise the  alcohol  might  take  flre  and  cause  serious  inconvenience. 
113.  In  order  to  kindle  a  substance,  and  to  keep  it  con- 
tinually burning,  it  must  first  be  heated  to  a  certain  point,  and 
then  maintained  at  this  temperature. 

Fig.  63.  Experiment — Heat  in  a  small   vessel 

some  ashes  or  sand,  on  which  a  few  phos- 
phorus lucifer-matches  have  been  placed; 
the  latter,  or  more  correctly  the  phosphorus 
on  them,  will  not  inflame  until  the  ashes  are 
heated  to  from  150°  F.  {eo""  C.)  to  158°  F. 
(70°  C),  which  can  be  readily  ascertwned 
by  the  thermometer. 

114. — Slow  and  Rapid  Combustion, — 
Experiment, — If  a  coil  of  fine  platinum  wire,  being  raised  to  a 
white  heat  in  the  flame  of  a  spirit-lamp,  be  plunged  quickly  into 
Fig.  64.     *  heated  goblet  into  which  a  teaspoonfiil  of  strong 
alcohol  has  been  poured,  it  will  continue  to  glow  in 
the  vapour  of  the  alcohol,  whilst  it  would  soon  have 
ceased  glowing  in  the  air.     The  alcohol  omdergoes  a 
slow  combustion,  that  is,  it  unites  with  a  small  quan- 
tity of  oxygen,  and  the  heat  thus  liberated  is  suffici^st 
to  keep  the  wire  red-hot,    A  disagreeable  sour  smell 
will  also  be  perceived,  proceeding  from  the  new  com- 
bination  formed   between  the  alcohol  and   oxygen 
during  the  slow  combustion,  and  which  may  be  re- 
garded as  partially  burnt  alcohol.     When  alcohol  is 
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kindled,  it  bums  briskly  and  completely,  and  the  products  emit 
no  smell ;  therefore  the  combinations  formed  during  the  rapid 
or  complete  combustion  must  be  different  from  those  formed 
during  the  slow  or  incomplete  combustion.  Something  similar 
to  this  is  perceived  with  all  other  combustible  bodies.  The  un- 
pleasant odour  caused  by  the  singeing  of  the  hair,  the  scorching 
of  wool,  the  boiling  over  of  milk,  and  the  smouldering  of  blot- 
ting-paper, is  the  consequence  of  incomplete  combustion ;  when 
the  combustion  is  perfect,  no  bad  smell  is  perceptible. 

If  in  the  last  experiment  ether  be  substituted  for  the  alcohol, 
and  the  wire  be  brought  to  a  white  heat,  it  will  cause  it  to  burst 
into  flame ;  but  the  wire,  if  only  red-hot,  will  not  kindle  it.  The 
temperature  of  the  red-hot  wire  is  not  sufficient  to  produce  rapid 
combustion  of  the  ether,  but  a  stronger  heat  is  required.  As 
the  phosphorus  did  not  inflame  until  it  was  heated  to  158^  F. 
(70°  C),  nor  the  ether  until  a  higher  temperature  was  attained, 
so  all  combustible  substances  require  a  certain  degree  of  hpt  at 
which  to  enter  into  rapid  combustion;  some  a  higher  ana  some 
a  lower  degree.  When  burning  bodies  are  cooled  below  this 
temperature,  they  are  extinguished.  Red-hot  iron  will  continue 
to  bum  in  oxygen, '  but  not  in  common  air ;  heat  enough  is 
evolved  during  the  combustion  in  oxygen  to  keep  it  burning, 
while,  in  the  five  times  slower  combustion  in  the  air,  sufficient 
heat  is  not  evolved  for  the  continuance  of  this  process.  Coal 
requires  for  sustained  combustion  a  stronger  heat  than  wood ; 
therefore  the  pieces  must  lay  dose  upon  each  other  in  the  grate 
or  stove,  or  they  will  cool  too  much,  and  cease  burning ;  wood 
continues  to  bum,  even  when  spread  loosely  about  on  the  hearth 
of  the  stove.    A  glowing  coal  is  extinguished  much  sooner  when 

E laced  on  iron  than  on  wood,  for  the  iron,  a  g^od  conductor  of 
eat,  withdraws  the  heat  more  rapidly  than  wood,  a  bad  con- 
ductor. 

Even  the  flame  of  a  candle,  or  of  a  spirit-lamp,  can  be  cooled 
to  such  a  degree  by  iron  as  to  be  extinguished. 

Experiment — ^If  you  introduce  a  piece  of  wire  gauze,  such  as 
is  used  for  sieves,  into  the  flame  of  a  lamp,  this  will  be  sup- 
pressed as  though  a  piece  of  tin  plate  were  held  over  it,  and 
smoke,  but  no  flame,  passes  through  the  net- work.  This  smoke, 
if  kindled  by  a  match,  will  again  bum.  The  smoke  in  passing 
through  the  iron  gauze  has  become  cooled  down  below  the  tem- 
perature necessary  for  burning;  if  this  temperature  be  restored 
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by  tbe  applicaiaon  of  a  taper,  or  bj  the  gauze  haymg'  reached  a 
white  hea^  the  smoke  is  again  kindled.     An  illustrious  English 
p.    gg  chemist  has  made  a  successful  appli- 

^  cation  of  this  principle  for  the  preven- 

>  tion  of  the  explosions  so  often  occur- 
ring in  coal  mines.  In  many  mines 
a  combustible  gas  (fire-damp,  or  light 
carburetted  hydrogen)  issues  from  the 
fissures  of  toe  coal,  which,  mixing 
with  the  atmospheric  air,  forms  an 
explosive  gas,  which  might  be  fisital 
to  the  miner  who  should  carry  a  burning  lamp  into  a  rein  filled 
with  such  a  gas.  But  when  the  flame  is  enclosed  within  an  iron 
net-work,  the  explosive  gas  only  bums  within  the  cage ;  the 
miner  thus  warned  has  time  to  withdraw,  and  this  dangerous 
gas  is  afterwards  expdled  by  appropriate  means.  (^Davyi's 
Sqfe^f'Lamp,) 

115.  Perfect  Combustion, — ^In  the  combustion  of  hydrogen, 
water  is  formed  (§  87),  and  in  the  combustion  of  carbon,  car- 
bonic acid.  (§§  63,  109.)  Both  of  these  products  are  also  formed 
in  the  combustion  of  most  other  substances  familiar  to  us,  as 
these  generally  contain  hydrogen  and  carbon,  on  which  depends 
th^ir  capacity  for  burning. 

Experiment. — ^Invert  an  empty  bottle  over  a  burning  candle, 
;.  66.  so  that  it  may  receive  the  hot  gases  as  they  form ;  it 
becomes  clouded  on  the  inside,  from  the  deposition  of 
moisture  which  is  condensed  from  the  smoke  upon  the 
cold  surface  of  the  glass.  This  smoke  consequently 
contains  watery  vapour.  This  explains  why,  on 
heating  a  vessel  over  a  lamp,  moisture  is  deposited  on 
the  outside  as  long  as  it  remains  cold.  Pour  lime- 
'  water  into  the  flask,  and  agitate  it.  The  liquid  will 
become  turbid,  and  deposit,  on  standing,  a  white 
powder  (caTb(H}ate  of  fime) ;  thus  the  smoke  contains 
also  carbonic  acid;  some  nitrogen  also  must  of  course 
be  present,  as  it  existed  in  the  atmospheric  air  which  was  used 
in  maintaining  the  fire. 

These  ccHnponent  parts  exist  likewise  in  the  smoke  which 
issues  from  the  chimneys  of  housec^  whether  formed  from  the 
combustion  of  wood,  common  coal,  or  brown  coal ;  and  are  con- 
tained in  the  invisible  current  whkh  ascends  from  an  alcohol  or 
oil  flame. 
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116.  Imperfect  Combustion, — Eaperiment — If  you  eztitt- 
pj.  ^7  guish  a  Ughted  candle  hayidg  a  Icmg  8nii£P, 

you  can  rekindle  the  sm^e  ascending 
from  the  wick,  eren  at  some  distance ;  this 
smoke  ccmsists  of  the  comhustible  gases 
into  whk^  the  tallow  has  heen  converted 
by  the  heat  It  is  half-burnt  tallow,  and 
has  an  unpleasant  smelL  On  h&Dg  ex- 
tinguished, sufficient  heat  is  not  retained  for  its  conqplete 
combustion,  but  this  commences  again  when  the  smoke  is 
heated  and  kindled  by  a  match.  Con^letdy  burnt  tallow, 
that  is,  tallow  convorted  into  carbonic  acid  and  water,  has  no 
smeU. 

EaperimenU — K  you  stop  up  the  draught  of  a  burmng 
astral  or  Argand  kmp  (§  112)  with  a  pece  oi  pi^r,  the  flame 
w^  immediately  beeom*  daik  and  red,  emitting  a  thick  blade 
smc^e,  which  has  a  reiy  ^sagreeable  odour,  and  which  covers 
a  piece  of  pqicr  hdd  orer  it  with  soot.  There  pi  impeffect 
combustion  of  tke  oSf  omnff  to  the  exclusion  of  ike  car;  a 
part  of  the  carbon  contained  in  the  ml  remains  unlmnit,  and 
esci^ies  as  «aoA. 

JEaperiment, — ^Refrigeration  ^ves  rise  to  the  same  pheno- 
menon, as,  for  example,  when  an  iron 
^^  Tigf  68.  spoon  is  held  over  the  flame  of  a  common 

^Hfc^^^^^^^  oil-lamp,  so  as  partly  to  suppress  it.     The 
^1^^^?"^^^^  iron,  being  a  good  conductor,  not  only 
^^^kP  cools  the  flame,  but  it  also  obstructs  the 

^V^     ^^  draught  of  air ;   a  part  of  the  carbon, 
^^k     flV   tiierelbce,  remains  unbumt,  and  is  depo- 
^^^^ifl^F     sited  as  aoot  upon  the  spoon.     In  this 
way  witffimyilrfTg  prepare  lamp-black  for 
marking  their  dial^lates^    A  taDow  candle  yields  an  invisible 
and  scentless  smoke  when  allowed  to  bora  quietly,  but,  on  the 
contrary,  a  soo^  and  disagieeaiily  smelling  smoke  when  the 
flame  is  cocked  by  bloim^  wptm  it,  or  moving  the  candle 
about.     In  (Mrdes  to  smoke  meat  rapidly,  green  or  wet  wood  is 
burnt;  tins  yidds  a  thick,  black  smoke,  because  it  eamioibe 
heated  above  212°  F.  (100°  C.)  as  long  as  it  contwns  water, 
and  at  this  low  temperature  it  is  only  imperfiBctly  burnt. 
117. — lUmmmatinfi  Gur  and  Flame.'-^Eaperiment — To 
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acquire  a  clearer  understanding  of  the  products  of  imperfecf 
combustion,  put  into  a  large  test-tube  some  wood- 
shavings,  and  heat  it,  having  previously  adapted 
to  the  opening  a  cork,  provided  with  a  glass-tube 
or  a  piece  of  tobacco-pipe.  (Fig.  69.)  The  gaseous 
matter  which  is  formed  will  pass  through  the  tube, 
and,  on  being  kindled,  will  burn  with  a  luminous 
flame.  Previously  to  being  kindled,  the  shavings 
emit  a  sour  and  empyreumatic  odour ;  this  smell, 
however,  vanishes  entirely  on  burning.  Flame^ 
tlien,  is  caused  hy  burning  gas.  Substances  which 
,  do  not  become  gaseous  on  combustion  can  only 
I  glow,  but  cannot  bum  with  a  flame.  Some  char- 
coal will  remain  unbumt  in  the  test-tube,  owing  to 
a  deficiency  in  the  supply  of  air.  An  appHcation 
of  this  principle  is  made  on  a  large  scale  in  ihe  preparation 
of  illuminating  gas  by  heating  of  common  coal,  rosin,  &c.,  in 
closed  iron  vessels.  Every  candle,  every  oil-lamp,  is  an  appa- 
ratus for  the  preparation  of  gas  on  a  small  scale. 

118.  Escperiment — Repeat  the  experiment  with  pulverised 

coal,  but  conduct  the 
^g-  ^^'  gas,  through  a  bent 

glass  tube,  into  ajar 
placed  over  the  pneu- 
matic trough,  and  col- 
lect it  as  already  de- 
scribed. The  gas  is 
colourless,  and  on  be- 
,  ing  ignited  bums  like 
hydrogen,  but  with 
a  far  more  luminous 
flame.  Its  chief  con- 
stituent is  also  hy- 
drogen, chemically 
united,  however,  with 
some  carbon  {carbu-- 
retted  hydrogen  gas). 
During  combustion, 
both  constituents  of  illuminating  gas  unite  with  the  oxygen  of 
the  air,  and  are  converted  into  carbonic  acid  and  water. 


COMBUSTIOK. 


97 


Fig.  71. 


Coloe,  already  alluded  to,  which  is  tolerahlj  piunB  carhoo, 
remaiiis  hehind  in  the  tube. 

Ctarban  forms  inth  hydrogen  a  Tery  Domeroas  dass  dP  che- 
mical oompounds;  diose  widi  which  we  are  best  acquainted 
are,  —  a)  tight  earburetted  hydrogen  (Hs  C),  which  issues  isoan. 
the  fissures  of  many  ooal-beds  (fire-^bnnp,  ^  114),  and  is  like- 
wise always  generated  wherever  Tcgetd^le  matter  is  putrefying 
under  water  (marsh  gas,  §  446) ;  owing  to  its  larger  pioportion 
of  hydrogen,  it  is  lighto*,  and,  on  account  of  its  smaller  pro- 
portion of  carbon,  it  bums  with  a  paler  flame,  than  b)  heavy 
earburetted  hydrogen  (H4  C4),  commonly  called  oiefiarat  gas. 
(§  503.)  These  two  gases  (H,  C  and  H4  €4)  form  the  prmcipal 
ccoiBtitiwnts  of  the  common  illuminating  gas. 

119.  Experiment — Heat  some  pieces  of  wood,  and  oonduet 
the  volatile  matter  through  a  tube  into  a  bottle  immet^ed  in 

cold  water,  and  adapt 
to  the  cork  of  the 
latter  anodier  f^>en 
tube,  for  the  esci^e  of 
ti»e  iUumintOmg  gas. 
Two  fluids  will  be 
condensed  at  the  bot- 
tom of  the  flask;  one 
a  Tery  thick  viscid 
fluid,  and  the  other  a 
4  thinner  watery  sub- 
"  stance.  The  first  is 
called  wood'tar;  it  is 
resinous — t.e.,  it  is  in- 
soluble in  water.  The  other  is  called  toood'tnnegar,  or  pyro- 
ligneous  acid ;  both  its  taste  and  action  upon  blue  test-paper 
ii^Ucate  that  it  is  an  acid.  Illuminating  gas^  wood-tar^  and 
wood-vinegar  did  not  previous^  exist  in  the  wood,  but  were 
formed  dunng  the  imperfect  oombusdonfrom  its  constituent  pait% 
carbon,  hydrogen,  and  oxyg^i.  Such  new-lbnoed  eiAstanoes 
are  called  products ;  and  in  the  present  case,  moreovser,  pro- 
ducts of  the  incomplete  combustion  (dry  distillation)  of  w^od. 
Hydrogen  predominates  in  illuminating  gas ;  oxygen  in  pyro- 
ligneous  aad ;  and  carbon  in  wood-tar ;  all  of  t£m,  owing  to. 
t^  deficient  supply  of  air,  were  but  partially  burnt,  and  &ey 
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are  hence  capable  of  undergoing  further  combustion  in  the  air, 
and,  like  •the  wood  from  which  they  originated,  of  being  com- 
pletely converted  into  carbonic  acid  and  water.  A  portion  of 
wood  and  coal  is  always  imperfectly  burnt  in  our  fireplaces,  and, 
therefore,  soot  is  deposited  in  the  funnels  and  chimneys ;  the 
tar  and  acid  are  also  deposited,  as  a  black  shining  substance, 
upon  the  jambs  of  the  chimney. 

The  operation  by  which,  as  in  the  present  case,  liquid  pro- 
ducts may  be  obtained  from  a  solid  substance,  is  called  dry 
distillation.  Most  of  these  liquids  have  a  brown  colour,  and  a 
peculiar,  unpleasant,  empyreumatic  smell  and  taste. 

120.  It  has  been  previously  stated  that  hydrogen  bums  very 
easily,  and  with  a  flame,  wmle  carbon  bums  more  difficultly, 
and  without  flame;  thus  is  easily  explained  why  fuel  bums 
with  a  flame  at  the  commencement  of  the  combustion,  but 
finally  only  glows ;  it  is  the  hydrogen  which  ^rst  bums  with  a 
fiame^  and  iSkerwards  the  carbon,  with  a  mere  glow,  without 
flame.  All  combustible  substances  that  contain  hydrogen  and 
carbon  bum  in  a  similar  manner.  Burning  wood  presents  the 
most  convincing  illustration  of  this  fact 

Kg, 72.  121.  The  flame  of  alcohol  consists  of  two  parts; 
the  dark  central  part  is  alcohol  vapour,  and  the 
bright  envelope  around  this  is  alcohol  vapour  uniting 
chemically  with  the  oxygen  of  the  air.  The  tapering 
form  of  the  flame  is  owing  to  the  ascent  of  the  hot 
gases,  and  the  mshing  in  of  cold  air  from  below. 
The  alcohol  is  drawn  up  from  the  lamp  by  the 
capillarity  of  the  wick  (§  106) ;  it  bums  with  a 
light,  but  if  a  twisted  wire  or  some  other  solid  body  be  intro- 
duced into  it,  it  will  then  bum  vividly.  If  a  thin  wire  is 
placed  across  the  flame,  it  will  be  heatea  to  redness  near  the 
margins  of  the  flame,  while  in  the  interior  it  will  remain  dark ; 
consequently,  the  external  part  is  much  hotter  than  the  central 
part  of  the  flame.  The  point  of  greatest  heat  is  indicated  by 
die  mark  in  the  figure,  and  vessels  to  be  heated  over  the  spirit- 
lamp  should  never  be  placed  below  this  point.  This  may  be 
rendered  very  evident  by  applying  a  lucifer-match  to  this  part 
of  the  flame,  when  it  will  take  fire  at  once ;  but  not  so  quickly 
if  thrust  into  the  centre  of  the  flame. 

122.  In  the  flame  of  a  candle  or  lamp,  three  parts  can  be 
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J.    ^2  distinguished;   in  the  middle  (a,  Fig.  73),  the  dark 
'centre,    consisting    of   illuminating  gas    (decomposed 
'       tallow) ;  around  this  (b\  the  luminous  cone,  consisting . 
of  huming  hydrogen,  intimately  mixed  with  carhon  at 
a  white  heat ;  and  on  the  very  outside  (c),  a  thin,  scarcely 
perceptible  veil,  in  which  carbon  is  burning.     If  we 
imagine  the  flame  to  be  cut  horizontally  through  the 
centre,  it  would  present  nearly  the  same  appearance  as 
in  Fig.  74.     The  middle  circle  is  carburetted  hydrogen, 
or  illuminating  gas ;  the  hydrogen  of  which  hurns  ^rstj 
and  the  great  heat  thus  evolved  brings  the  carbon  to  a 
white  heat  (this  is  indicated  by  the  second  circle) ;  and 
finally,  in  tne  exterior  circle,  the  carbon  ia  burnt.     The 
Fig.  74.  heated  carbon  in  the  second  ring  imparts  to 

the  flame  its  illuminating  power,  just  as  the 
I  glowing  wire  rendered  the  alcohol  flame  lumi- 
nous. If  a  cold  knife  be  introduced  into  the 
flame,  a  portion  of  the  carbon  will  be  so  much 
cooled  that  it  cannot  bum,  and  will  be  depo- 
sited upon  the  knife  in  the  form  of  soot.  If 
a  wire  be  held  through  the  flame,  the  glowing  part  at  the  hot 
margins  will  remain  clear,  while  soot  will  be  deposited  upon 
that  part  of  it  which  is  in  the  interior  of  the  flame. 

The  brightness  of  a  flame  always  depends,  as  the  foregoing 
experiments  show,  upon  the  presence  of  a  solid  body,  usually 
soot,  which  glows  in  the  flame ;  if  it  be  only  heated  to  red- 
ness, the  flame  will  give  out  a  smoky  red  light,  but,  on  the 
contrary,  a  brilliant  light  when  heated  to  a  white  heat. 


The  four  simple  substances  now  treated  of  form  the  chief 
constituents  of  plants  and  animals,  and  are  hence  called  Or^ 
ganogens  (generators  of  organic  bodies). 

BETROSPECT  OF  THE  OBGANOOEKS  (OXYOEN,  HTDROGEN, 
NITBOGEN,  AND  CABBON). 

1.  As  we  distinguish  on  a  small  scale,  within  ourselves,  body 
and  spirit,  so  we  distinguish  also  on  a  large  scale^  in  nature, 
matter  (body)  and  forces  (spirit). 

2.  All  matter  is  ponderable.     Absolute  wmght  determines 

g2 
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the  actual  weight  of  a  hody  in  &e  air ;  specific  weight  the 
relative  weights  of  suhstances  of  equal  hvlks. 

3.  Bodies  occur  iu  three  states  d  aggrogation ;  they  are 
either  aolid^  liquid,  or  aerifbrm. 

4.  The  earUi  may  he  regarded  as  the  representatiTe  of  solid 
hodies;  water,  of  liquid;  air,  of  aeriform  bodies;  and  fire 
(light  and  heat^  as  the  type  of  the  natural  focoes. 

5.  The  individual  partides  of  bodies  are  held  together  by  a 
force  called  cohesion.  It  is  strongest  in  solid,  and  weakest  in 
aoifbrm  substances. 

6.  This  force  is  weakened  by  heat,  strengthened  by  cooling ; 
bodies  are  expanded  by  heat,  and  the  individual  particles  are 
removed  from  enxh.  other ;  by  cooling,  on  die  contrary,  they 
are  again  contracted  into  a  smaller  space. 

7.  Heat  also  changes  the  state  of  aggregation  of  bodies ;  it 
renders  solid  bodies  liquid  (melting),  and  liquid  ImmSob  aarifann. 
(evaporation,  boiling). 

8.  On  cooling,  gaseous  bodies  become  fluid  {JBsdDation, 
rain),  fluids  become  sdlid  (hardening,  heeang), 

9.  On  the  melting  and  evaporation  of  solid  and  And  bodSwi, 
heat  becomes  combined  or  latent  (production  of  oold) ;  on  the 
freeiing  of  fluid  and  the  condaisation  of  gaseous  substances, 
heat  hecomes  free  (production  of  heat). 

10.  All  bodies  contain,  accordingly,  latent  lieat^  and  the 
fluids  always  less  than  the  gaseous. 

1 L  Solid  bodies  also  become  fluid  by  solution  in  a  liquid. 
If  they  separate  again  from  such  scdutions  in  a  regular  form, 
they  are  said  to  be  crystallised^  Mobility  and  time  are  neces- 
sary for  crystallisation. 

12.  Gaseous  bodies  which  on  cooling  easily  become  liquid, 
are  called  vapours;  those  which  are  converted  into  liquids 
with  difficulty,  or  not  at  all,  are  called  gases. 

13.  The  cohesion  of  bodies  can  only  be  destroyed  by  cutting, 
breaking,  &c. ;  hereby  dieir  form  onty  is  changed,  thieir  nature 
and  constituents  remaining  the  same.  These  are  external  or 
mechanical  changes. 

14.  But  changes  also  occur  by  which  the  properties  and  con- 
stituents of  bodies  are  so  ccnnpletely  altered,  that  they  can  no 
Icmgw  be  recognised  as  the  original  bodies,  but  must  be  re- 
garded as  new  bodies.    These  are  internal  or  chemical  changes. 

15.  A  power,  more  or  less  inherent  in  all  bodies^  is  regarded 
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«s  i&e  cause  of  the  diemical  dianra ;  it  b  called  qfiniiyy  or 
elecihe  affimfy.  In  inanimate  or  inorganic  bodies  this  power 
roles  unrestrained,  but  in  living  or  orgame  bodies  it  is  regulated 
by  the  vital  power  o£  vegetables  and  animals. 

16.  Affinity  acts  only  at  insensible  distances;  wben  bodies 
are  in  the  closest  contact. 

17.  Affinity  is  stronger  between  bodies  in  proportion  to  their 
greater  dissiTnilarity,  aad  so  much  the  weaker  the  more  they 
are  alike. 

18.  Chemical  changes  may  be  produced  in  two  ways;  either 
by  ^the  combination  of  simple  bodies  into  compound  ones  (syn- 
thesis), or  by  the  septfratioQ  of  the  compound  bodies  into  their 
constituent  parts  (analysis). 

19.  By  fluoalyais  homes  are  finally  obtained  which  can  be  no 
further  dec<Mnposed ;  these  are  called  simple  bodies  or  chemical 
elements.  About  sixty  of  them  only  are  as  yet  known.  One 
element  cannot  be  converted  into  another. 

20.  Almost  every  chemical  compound  may  be  decomposed  by 
electricity  or  galvanism. 

21.  By  heat)  the  affinity  of  bodies  for  each  other  is  sometimes 
strengthened,  sometimes  weakened  ;  heat  assists  both  in  com- 
bining and  in  deoom^osing  bodies. 

22^  All  ch^nical  combinations  take  place  according  to  fixed 
meoittre  and  weight,  Tbia  conformity  to  law  also  prevajlls  w^^re 
substances  comlone  togedMr  in  several  proportions  (degrees  oi 
oxidation,  ^.). 

23.  JBeat  is  evolved  during  almost  all  chemical  dianges,  and 
not  unfrequently  ^ves  rise  to  the  pheiK»nenon  of  fire  (combus- 
tion). 

24.  What  is  ordinarily  called  combustion  is  a  combination  of 
carbon  or  hydrogen  with  the  oxygen  of  the  air, — an  oxidation. 

25.  To  oscidise  signifies  to  combine  a  body  with  oxygen.  The 
body  combined  with  oxygen  is  (in  the  wider  sense)  called  an 
oxide. 

26.  There  are  two  entirely  cmposite  kinds  of  oxides,  acid  and 
basic  ;  the  metalloids  form  with  oxygen,  by  preference,  acids  ; 
the  metals,  by  preference,  bases  (oxides  in  the  more  strict  sense). 

27*  Ackls  and  bases  haye  ayery  great  affinity  for  each  other; 
when  they  combine  together,  the  acid  properties  of  the  former 
and  the  basic  properties  of  the  latter  disappear  (neutralisation). 
The  newly  formed  body  is  called  a  salt 

28.  The  chemical  elements  are  designated  by  the  initial 
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letters  of  their  Latin  names  (chemical  symhols)  ;  with  the  latter 
chenacsl  formulas  are  constructed,  which  represent  concisely  the 
constitution  of  the  compound  bodies. 

SECOND  OBOUr  OF  METALLOIDS  :   PYROGENS. 
BBIMSTONE,  SULPHUR  (s). 

At.  Wt.  =  16.— Sp.  Gr.  =  2.0. 

123.  Sulphur,  an  article  very  familiarly  known,  which,  on 
account  of  its  easy  combustibility,  is  employed  in  the  manufac- 
ture of  matches,  &c.,  has  neither  taste  nor  smell.  It  has  no 
taste,  since  it  is  not  soluble  in  water.  When  we  throw  some 
flowers  of  sulphur  into  cold  or  hot  water,  it  is  not  dissolved.  We 
perceive  taste  only  in  such  bodies  as  can  be  dissolved  in  water, 
since  they  alone  will  dissolve  in  the  saliva ;  for  example,  there 
is  a  taste  in  salt  and  sugar,  but  none  in  insoluble  substances,  as 
stones,  charcoal,  starch,  &c.  Sulphur  has  no  smell,  as  it  does 
not  volatilise  at  the  ordinary  temperature.  We  can  only  per- 
ceive smell  in  a  body  when  volatile,  consequently  gaseous  or 
vaporous  particles  are  given  off  from  it,  and  come  in  contact 
with  the  lining  membrane  of  the  nose. 

124.  Experiment. — Sulphur  is  fusible.  Heat  two  ounces  of 
flowers  of  sulphur  in  a  small  stone-ware  crucible,  over  a  spirit- 
lamp  ;  it  is  converted,  at  a  temperature  a  little  above  that  of 
boiling  water,  into  a  thin,  brownish  fluid.  If  you  pour  some 
of  it  into  cold  water,  you  obtain  again  solid  sulphur.  If  this, 
after  being  previously  dried,  is  returned  to  the  crucible,  it  will 
sink  in  the  fluid  mass,  showing  that  solid  is  heavier  than  melted 
sulphur.  -Almost  all  other  bodies  behave  in  the  same  manner; 
ice,  which  floats  on  water,  being  an  exception. 

p.    _ .  125.  Experiment — Sulphur  may  be  crystallised. 

Let  the  crucible  containing  the  melted  sulphur  stand 
till  a  crust  has  formed  over  the  surface;  break  this 
quickly,  and  pour  out  the  portion  remaining  fluid. 
Upon  afterwards  breaking  the  crucible,  the  cavity 
of  the  sulphur  will  be  found  lined  with  fine  crys- 
tals, in  the  form  of  lengthened  pillars  (Fig.  75), 
which  are  called  oblique  rhombic  prisms.  This  is 
the  second  method  of  forming  crystals,  and  differs 
from  the  mode  of  obtaining  those  of  saltpetre  and 
salt  (§§  50,  52),  inasmuch  as  in  the  one  caSe  the 
body  was  rendered  liquid  by  solution,  in  the  other 
by  heat. 
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If  the  sulphur  is  allowed  to  cool  quietly,  without  decanting 
the  liquid  portion,  this  also  wUl*  hecome  solid,  and  such  a  dense 
mass  of  crystals  will  he  formed,  that  there  will  he  no  vacant  space 
between  them.  This  mass,  on  being  broken,  presents  a  glitter- 
ing appeahmce,  owing  to  the  reflection  of  light  from  the  surfaces 
of  the  minute  crystals.  Such  a  body  is  said  to  be  crystaUine^ 
or  to  have  a  crystalline  structure, 

126.  In  different  parts  of  the  world,  particularly  in  volcanic 
coontries,  large  beds  of  sulphur  (native  sulphur)  are  not  unfre- 

Fiir.  76.  <)u^^^lj  found,  and,  in  these  beds,  fissures  and  cavities 
studdea  with  the  most  beautiful  crystals,  which  required, 
perhaps,  centuries  for  their  formation.  These  native 
crystals  have  a  very  different  form  from  those  prepared 
by  fusion.  They  appear  like  two  pointed  four-sided 
^  pyramids,  applied  base  to  base  (Fig.  76) ;  such  a  form 
is  called  an  acute  octahedron,  because  contained  imder 
eight  acute  triangles.  Thus  sulphur,  like  carbon  in 
the  diamond  and  graphite,  assumes  two  different  forms ; 
it  is  dimorphous. 

127.  Experiment* — Sulphur  may  be  made  to  assume  a  still 
different  state.  Heat  a  test-tube,  supported  by 
means  of  a  wire  twisted  round  it,  and  filled  vdtn 
powdered  sulphur,  over  a  i^irit-lamp ;  on  fusing, 
the  sulphur  runs  together,  so  that  it  only  half  fills 
the  tul>e.  The  sulphur  first  becomes  thin,  like 
water,  but  on  further  heating  it  becomes  brown, 
and  sp  thick  and  viscid  that  tiie  tube  may  be  in- 
verted without  tiie  sulphur  flowing  out.  Thrown 
into  water  while  in  this  condition,  it  forms  a  trans- 
parent, soft,  elastic  mass,  which,  after  a  few  days, 
is  reconverted  into  solid  sulphur.     This  sulphur, 

resembling  melted  glass,  is  said  to  be  amorphous^  a  term  applied 
to  all  other  bodies  having  no  regular  form ;  such  as  gum,  piteh, 
ghie,  &c. 

128.  Experiment — ^If  the  sulphur  in  the  test-tube  be  heated 
£^  more  strongly,  at  a  temperature,  perhaps,  four  times  above 
diat  of  boiUng-water,  it  begins  to  boil,  and  is  thereby  converted 
into  a  reddish-brown  vapour,  vapour  of  sulphur ;  thus  sulphur  is 
volatd£f  and  may,  like  water,  assume  all  the  three  stetes  of  aggre-* 
gatioii*  (solid,  fluid,  and  aeriform).     Solid  sulphur  is  twice  as 
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heavy  as  water,  and  its  Taponr  six  and  a  Iialf  tbnes  heanrier 
Fig.  78.  than  common  air.      "Withra  ^ke 

tube  the  yapour  of  the  sn^j^iar  is 
transparent,  and  has  a  reddiii^- 
brown  colour  ;  hut  slhet  eacmpuag^ 
I  on  the  contrary,  it  tufipesrs  as  s 
yellowish  aokcke,  being  eondeased 
by  ihe  cdd  air  into  a  dust  of  solid 
sn^hnr.  If  tiiis  Yapour  be  ooo- 
ducted  into  a  glass  jar,  immeiaed 
in  cold  water,  the  sulphur  con- 
denses in  it  in  the  form  of  a  soUt  yellow  powder,  known  in 
commerce  by  the  name  oS.  flowers  ofsuipkur.  In  the  {repa- 
ration of  su^»hur  on  an  extensive  scale,  the  (^>eration  is  con- 
diusted  in  large  chamoers.  The  process  by  whidi  a  ydatile 
substance  is  evaporated  and  ecmdensed  again  into  a  soHd  is 
called  suMimaticm.  In  distillation,  the  vapour  is  condensed 
into  liquid  (the  distiUate),  in  sublimation,  into  a  solid  (the 
sublimate). 

If,  in  this  experiment,  the  receiver  were  not  kept  cool,  it 
vfould  gradually  become  so  lu)t  that  the  sidphur  would  pass 
oyer  as  a  fluid,  and  on  this  principle  native  sulphur  is  purified 
on  a  large  scale.  The  earthy  impurities,  not  beii^  volatile, 
remain  behind  while  the  sulj^ur  is  distilled  over,  and  again 
condensed.  The  nKdted  sulphur  is  common^  poured  into 
moistened  wooden  mouMs,  and  is  then  caUed  rtdl-sulphur. 

129.  i:xperimeni.—Fi\l  a  test-tube  half  fuU  of  soap-boHer^s 
lye ;  add  to  it  as  mudi  flowers  of  sulphur  as  can  be  taken  up 
on  the  point  of  a  knife,  and  boil  the  mixture  for  some  time ; 
a  part  of  the  sulphur  will  be  dissolved,  imparting  to  the  liquid 
a  ydlowish-brown  colour.  The  dear  liquid  is  now  decanted, 
dihited  with  water,  and  vin^ar  added  to  it ;  it  will  immedt.- 
ately  assume  a  milky  appearance,  owing  to  the  separati(ML  of 
the  sulphur  in  the  form  of  an  exceedingly  fine  powder,  which 
is  so  li^  that  a  conaderable  time  must  elapse  heiore  it  will 
subside.  C<^lect  the  powder  on  a  filter,  wa«i  it  with  watec^ 
aaid  dry  it  at  a  gentle  heat.  It  is  called  mUk€f  stdpknTy  orprt^ 
dpttcOed  sulphur,  and  is  sn^diur  in  its  finei^  state  of  sob- 
division,  caiBed  bjr  the  separation  of  each  of  Us  partides  by 
the  water.     Predjatated  sulphur  has  a  pale  yellowish  tim^  but 
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on  hang  melted  it  becones  distineily  yellow,  owing  to  the 
unieii  c?  tiie  indiridiial  psrtides  into  «  larger*  mass.  This 
mediod  18  firequentlj  enjoyed  in  chemistry  to  eouTert  solid 
snbatanees  into  the  finest  powder.  Soeh  substances  tfans  re- 
duced to  «  fine  powder  are  not  nnfirequently  amorphous. 

The  sc^otMiD  of  sulphur  in  lye  is  more  complex  than  that  of 
si^var  or  of  salt  in  water;  as  seyeral  odier  peculiar  comfaina- 
tioDS  of  sulphur  with  the  component  parts  of  water  are  formed 
at  ike  same  timew  One  of  thrao,  sulpmiretted  Inrdrogen  (H  S), 
is  gaseous,  and  oeeanons  die  offensive  smell  wnich  is  emitted 
on  ike  addition  of  Tinegar  to  ike  solution  of  sulphur.  The 
linear  unites  with  the  constituents  oi  the  lye,  whi<^  {hen 
loses  its  power  of  holding  the  sulphur  in  solutkm. 

130.  Experiment. — K  sulphur  be  heated  in  a  Tessd  with 
free  access  of  air,  as  in  an  iron  spoon,  or  be  touched  by  some 
red-hot  bo^,  it  bums  with  a  blue  flame ;  that  is,  it  unites  with 
the  oijgen  ci  tibe  air,  onder  the  phenomenon  of  fire,  and  forms 
with  u»  oiygen,  as  has  been  jMrevioudy  shown  (§  64),  a  suf- 
beating  gas,  sulphurous  acid  (S  O,).  If  another  atom  of 
Qiygen  be  added  to  this,  there  is  then  formed  the  comnum  and 
Teiy  inqportant  add^  called  sulphuric  acid  (S  Ot). 

This  property  which  belongs  to  sulphur,  of  igniting  and 
continmi^  to  bum  at  a  ycry  moderate  hieat,  is  the  reason  of  its 
bong  80  ccHnmonly  used  fcir  all  kmdkng  purposes.  By  means 
of  it,  otber  bodies  more  difficult  of  combustion  may  be  heated 
to  the  temperatore  at  which  they  can  continue  to  bum 
{mskfkeMf  gunpowder,  fireworics,  ^).  The  Idndling  of  a 
ample  coal-fire  well  illustrates  how,  by  gradual  transitimi 
fiom  eaeibr  inflammable  materiab  to  those  of  more  difficult 
ignition,  the  latter  are  finally  brought  to  that  degree  of  heat 
at  whi(^  they  wiU  ignite  and  continue  to  bum.  Thus,  sparks 
of  iron,  thrown  out  by  tiie  striking  of  the  steel,  ignite  tiie 
finely  ^vided  charcoal  of  ihe  tinder ;  thk  kindles  tiie  matches, 
by  means  of  which,  first  stew,  then  wood,  and  finally  coal 
iteeli^  are  lm>aght  to  the  temperature  reqdnte  for  burning. 
The  following  is  the  scale  in  the  order  fx  combustibility: — 
tindeiv  sulphur,  straw,  wood,  coal. 

ldl«  Su^phnnr  is  the  tfroit^sfcAtfimea/^od^,  next  to  oxygen, 
and  has,  like  it,  a  powerful  affinity  for  all  oilMr  dements. 

Expermeni. — Soil  some  sulphur  in  a  test-tube,  and  expose 


106  METALLOIDS. 

Fig.  79.  a  very  thin  copper-plate  to  the  brownish  yaponr; 
^  the  copper  will  glow  vividly  for  some  moments, 
lose  its  red  colour  and  flexibility,  become  grey 
and  brittle,  and  weigh  one-fourtli  more  than  be- 
fore. The  newly-formed  grey  crystalline  body  is 
called  sulphuret  of  copper.  Both  elements  have 
intimately  combined,  and  in  fixed  proportions. 
The  properties  of  the  sulphur  as  well  as  of  the 
copper,  have  entirely  disappeared.  The  great 
heat  produced  is  a  consequence  of  the  chemical 
combination,  since,  in  accordance  with  a  law  of  nature^  heat  is 
evolved  whenever  bodies  chemically  combine  with  one  another, 
huiji  in  most  cases  the  heat  does  not  amount  to  actual  glowing 
or  combustion. 

In  a  similar  manner  almost  all  other  metals  may  be  con- 
verted into  metallic  sulphurets.  We  find  many  of  these,  however, 
already  formed  in  the  earth,  and  miners  call  them  glance, 
blende,  or  pyrites.  The  pyrites  having  the  lustre  of  brass,  and 
found  in  almost  all  coal,  is  sulphuret  of  iron ;  red  cinnabar  is  a 
sulphuret  of  mercury,  &c.  The  sulphuret  of  copper,  artificially 
prepared  as  above,  occurs  also  as  an  ore,  and  is  then  called 
copper  pyrites. 

Experiment, — Mix  three-fourths  of  an  ounce  of  iron-filings, 
half  an  ounce  of  flowers  of  sulphur,  and  one-fourth  of  an  ounce 
of  water,  in  a  small  vessel,  and  put  it  in  a  warm  place ;  the 
mass  becomes  heated,  the  water  evaporates,  and  in  half  an 
hour  a  black  powder  will  be  obtained,  in  which  no  particles  of 
iron  or  of  sulphur  will  be  perceived ;  a  chemical  compound, 
sulphuret  of  iroriy  is  formed.  If  the  two  substances  be  mixed 
together  without  water,  no  combination  will  take  place,  unless  they 
be  heated  to  redness;  the  water  effects  the  combination,  by  bring- 
ing the  particles  of  the  sulphur  and  iron  into  such  close  con- 
tact that  they  can  attract  each  other.  It  is,  as  it  were,  the 
bridge  by  which  one  body  passes  over  to  the  other. 

Sulphur  has  also  another  resemblance  to  oxygen — ^that  of 
combining  with  other  bodies  in  greater  or  less  quantities,  ac- 
cording to  circumstances.  The  quantities  here  i^o  are  always 
fixed  and  unchangeable  for  every  individual  combination  (law  of 
definite  proportions — stoichiometry).  In  the  simple  grey  sul- 
phuret of  iron,  100  ounces  of  iron  ore  always  united  with 
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57^  ounces  of  sulphur;  in  the  yellow  iron  pyrites,  100  ounces 
of  iron  always  unite  with  115  ounces  of  sulphur  (degrees  of 
sulphuration) ;  if  more  sulphur  is  present,  it  remains  uncom- 
hined.  .The  degrees  of  oxidation  are  distingfuished  hy  the  terms 
protoxides^  sesquioxides^  and  peroxides.  In  the  combinations 
of  sulphur,  when  the  sulphur  predominates,  they  are  called 
sesqmsulphurets  asad  persulphurets ;  and  when  the  sulphur  is 
not  in  excess,  they  are  called  protosulphurets  ;  and  in  the  latter 
term,  when  there  is  a  deficiency  of  sulphur,  the  syllable  sub  is 
substituted  for  proto. 

The  chemical  S3nnbol  for  sulphur  is  =  S.  Protosulphuret  of 
iron  is  expressed  by  the  symbol  Fe  S ;  persulphuret  of  iron,  by 
Fe  S2.  Fe,  the  first  two  letters  of  the  Latin  wordy^rrMwi,  is  the 
symbol  for  iron. 

SUIiPHUBETTED  HTDROOEN,  OB  HYDROSULPHUEIC  ACID  (h  s). 

132.  Experiment — Put  half  an  ounce  of  protosulphuret  of 

Kff  80  ^^^  i^^  ^)  *°^  ^^  *°  ounce  of  diluted  sul- 

phuric acid  (§  84)  into  a  two-ounce  flask,  and 
quickly  stop  the  flask  with  a  cork,  to  which  a 
bent  glass  tube  is  adapted.  Introduce  the 
longer  limb  of  the  tube  into  a  bottle  filled 
with  cold  water.  The  atmospheric  air  con- 
tained in  the  flask  and  tube  first  passes  over, 
followed  by  a  very  offensive  gas,  which  dis- 
solves in  the  water,  to  which  it  likewise  imparts  its  fetid  odour 
of  rotten  eggs.  This  gas  is  called  sulphuretted  hydrogen.  The 
decomposition  in  this  case  is  similar  to  that  effected  in  the  pre- 
paration of  hydrogen  firom  iron.  (§  84.)  Water  is  decomposed ; 

its  oxygen  unites  with  the  iron, 
I  Volatile,  forming  protoxide  of  iron,  and 
this  unites  with  the  siJphuric 
acid,  forming  green  vitriol;  but 
Non-  the  hydrogen  of  the  water  es- 
|volatUe.  ^pgg^  and  takes  with  it  as  a 
companion  the  sulphur  con- 
tained in  the  sulphuret  of  iron.  The  light  gaseous  hydrogen 
possesses  in  a  great  degree  the  power  of  rendering  other  booies 
aeriform  on  unitiug  with  them,  even  those  which  are  not  vola- 
tile or  have  but  a  slight  tendency  to  become  so,  just  as  an  elo- 
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qoent  leaker  can  comrninneate  his  enthnaasm  to  a  hnnvj  and 
indifferent  audience.  Even  carbon^  which  has  never  been  lique- 
fiedy  is  conyerted  into  a  light  gas  when  c(BnlHned  with  hydrogen, 
aa  in  illaminatmg  gas. 

When  the  disengagement  of  the  gas  ceases,  add  somt  diluted 
sulphuric  acid,  that  the  gas  may  again  be  generated.  The 
water  is  known  to  be  saturated  with  the  gas  wiien,  cm  slmkii^ 
the  bottle,  the  finger  by  which  the  opening  is  closed  is  ho  longer 
sudLcd  in,  or,  more  correctly  speaking,  pressed  in.  One  mea- 
sure of  water  contains  two  and  a  half  measures  of  gas  in  a 
saturated  solution.  It  is  put  up  in  small  well-sto{^>6red  bottles, 
which  are  labelled  Hydrostdphuric  Add.  If  the  air  be  ad- 
mitted, the  solution  becomes  turbid, 
SoKd.  o^^o  *o  *^®  oxygen  of  the  air 
uniting  with  the  hydrogen  of  the  sul- 
phuretted hydrogen,  forming  water. 
Fluid,  and  the  consequent  liberation  of  the 
sulphur  as  a  fine  powder. 
If,  during  the  evolution  of  the  gas,  the  bottle  of  water  be  re- 
move^ the  gas  issuing  from  the  tube  can  be  ignited  by  a 
match ;  it  bums  with  a  blue  flame,  and  its  nauseous  odour  is 

no  longer  perceptible^  but  is  re- 
Gas,  placed  by  the  well-known  odour 
of  burning  sulphur.  Both  consti- 
tuents unite  with  the  oxygen  of  the 
I  Vaponr.  **^»  *^®  sulphur  forming  sulphurous 
acid,  and  the  hydrogen  water. 
The  inhalation  of  sulphuretted  hydrogen  is  detrimental  to 
health ;  hoice  precautions  should  be  taken  to  avoid  it.  When 
experimenting  wii^  it,  it  is  best  to  do  so  where  there  is  a  free 
cironlation  of  air.  A  cloth  moistened  with  a  little  alcohol,  and 
held  before  the  mouth,  is  likewise  a  gooj  protec&ou 

Sulphuretted  hydrogen  turns  blue  litmua-papor  xed^  it  abo 
combines  with  many  bases,  and  hence  it  is  aa  acid.  It  baa  also 
been  called  Hydrcihiomc  Acid,  from  two  Giedci  itqkIs^  signi-^ 
fying  water  and  sulphur.  Thus,  oxygen  is  nol  essential  to  ii» 
acidity  of  a  compound,  since  hydrogen  also  possesses  this  acidi- 
fying property ;  but  the  latter  produces  acids  ^dth  but  few  ele- 
•  ments,  whilst  oxygen  does  so  with  numerous  elements. 
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183.  Experiments  with  SutphurMed-E^fdrwgm  W^M». 

Experiment  a. — ^Drop  some  sdphui^ttoi-liydrqgeQ  mdet 
upon  a  bright  silver  or  copper  coin, 
and  upon  a  piece  of  kad  and  iron.  Tlie 
first  three  metals  tarnish  quickly,  and 
finally  become  black;  they  combine 
with  the  sulphur,  forming  dark  ine- 
tcdlie  sulphurets,  whilst  the  hydrogen 
the  iron,  on  the  contrary,  undeigoes  no  change.  Pb 
18  the  symbol  for  lead,  {dombam* 

Experiment  b. — ^Put  into  one  test-tube  a  small  portion  of 

li&arge^  into  another  some  ig- 
nited iron-rust,  and  pour  upon 
them  liquid  hydrosulphuric  acid. 
The  yellow  litharge,  oxide  of 
lead,  becomes  immediately  Uaek, 


Sdid. 


Liquid. 


an  exchange  of  elements  takes  place,  the  hydrosulphuric  acid 
^yes  its  sulphur  to  the  lead  of  the  litharge,  and  receives  in 
return  the  oxygen  of  the  latter.  Accordingly,  sulphuret  cf 
lead  and  water  are  formed,  and  the  (tensive  odour  disappears. 
In  the  vessel  containing  the  ircm-rust,  neither  the  colour  nor  the 
smell  is  changed — a  proof  that  no  chemical  change  has  taken 
place. 

JExperiment  c. — Repeat  the  same  experiment  with  a  small 
crystal  of  sugar  of  lead  iastend  of  the  litharge,  and  some  green 
vitriol  infjtead  of  the  irpfB,*iTi8t,  together  with  a  few  drops  of 
vinegar^  these  salts  haw^sg  been  previauv^ly  dissolved  in  a  large 
quantitj  of  water ;  thoi^Rilt  will  be  the  same  as  in  the  former 

^ ^  "^  expei  iment.     Sugar  of  lead  is 

'  ^^^.j       the  acetate  of  the  oxide  of  lead; 

the  Bait  of  lead  is  converted  into 
sulphuret  of  lead,  which  sub- 
Liqtiid.  gj^jgg  soonor  or  later  as  a  black 
preciplttite.  When  this  solu- 
tion is  extremely  diluted  it  is 
The  acetic  add  is  set  free,  and  remains 


and  acfltk:  4cid*       liOcL  mutia  acid. 


only  rendered  brown, 
in  solution. 

Experiment  d. — If  some  lime-water  or  soda  be  added  to 
the  green-ntrioi  solution,  which  in  the  former  experiment  re- 
mai&u^  unaffected  by  the  addition  of  sulphuretted  hydrogen,  it 
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Insoluble. 

Fluid. 

Slightly 
soluble. 


will  immediately  assume  a  cLeep 
black  colour.  The  added  base 
effects,  what  otherwise  would  not 
have  occurred,  a  combination  of 
the  sulphur  with  the  iron,  and 
for  this  reason,  that  the  new  base 
itself  unites  with  the  sulphuric  acid  of  the  green  vitriol.  Sul- 
phuric acid  has  so  great  an  affinity  for  the  protoxide  of  iron, 
that  it  will  not  part  with  it  unless  in  the  presence  of  a  stronger 
base,  which  the  lime  and  soda  have  proved  themselves  to  be. 
Lime  is  oxide  of  calcium,  and  is  represented  by  the  symbol 
CaO. 

From  these  experiments  the  following  rules  are  derived : 
a.)  Sulphur,  in  its  moist  state,  i,e,,  when  dissolved  in  liquids, 
has  a  very  g^at  affinity  for  metals,  and  converts  metals,  metallic 
oxides,  and  salts  into  metallic  sulphurets. 

b,)  Most  of  the  metallic  sulphurets  are  insoluble  in  water ; 
hence  sulphuretted  hydrogen  is  peculiarly  adapted  for  precipi- 
tating met{ds  from  their  solution,  so  that  they  can  be  separated 
and  collected  by  filtration.  If  sulphuretted  hydrogen  be  passed 
through  a  solution  of  acetate  of  copper,  sulphuret  of  copper 
will  be  precipitated,  and  can  be  separated  by  filtration  from 
the  acid.  All  the  sulphurets  do  not  possess  a  black  colour ; 
sulphuret  of  antimony  has  an  orange-Ded  colour ;  sulphuret  of 
arsenic  a  yellow,  and  sulphuret  of  zinc  a  white  colour.  On 
this  is  parUy  based  the  application  of  sulphuretted  hydrogen  as 
a  test,  that  is,  as  a  means  of  detecting  many  metals.  Wine  • 
containing  lead  is  blackened  by  hydrosulphuric  acid. 

c.)  Many  metals  are  precipitated  from  their  solutions  by  the 
addition  merely  of  sulphuretted  hydrogen,  as  sulphurets;  for 
example,  copper,  silver,  gold,  lead,  mercury,  tin,  antimony,  and 
arsenic  (these  are  called  electro-negative);  and  others  are  not 
precipitated  until  a  stroager  base  is  added ;  for  example,  iron, 
zinc,  manganese,  cobalt,  and  nickel  (these  are  called  electro^ 
positive).  Sulphuretted  hydrogen  may  accordingly  be  used  to 
separate  one  metal  from  another ;  it  is,  therefore,  an  important 
means  of  separation  in  analytical  chemistry. 

134.  Hydrosulphuric  acid  has,  as  already  mentioned,  the 
formula  H  S,  which  indicates  that  it  is  composed  of  one  atom 
of  hydrogen  and  one  of  sulphur,  and  the  sinnlarity  of  this  for- 
mula to  that  of  water,  H  O,  is  apparent.     Lead  paper  is  used 
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for.  the  detection  of  snlphoretted  hydrogen,  by  which  it  is 
coloured  brown  or  black.  It  ia  made  by  passing  strips  of  paper 
dirough  a  weak  solution  of  sugar  of  lead  in  water. 

135.  It  is  well  known  that  during  the  decomposition  ci 
animal  substances,  blood,  flesh,  hair,  urine,  excrements,  the 
white  and  yolk  of  eggs,  &c.,  a  putrid  odour  is  evolved ;  this  is 
owing  to  sulphuretted  hydrogen,  which  is  formed  from  the  small 
quantity  of  sulphur  contained  in  most  animal  substances,  and 
horn  the  hydrogen  of  the  water,  and  is  diffused  in  a  gaseous 
form  in  the  air.  Hence  it  will  no  longer  appear  strange  that 
copper  vessels,  if  exposed  to  such  an  atmosphere,  will  tarnish, 
b^ome  brown,  and,  indeed,  finally  black. 

136.  Sulphur  is  also  met  with  in  vegetable  substances,  par- 
ticularly in  the  leguminous  plants — peas,  beans,  lentils,  &c. — 
and  in  some  acrid  plants,  such  as  mustard  and  horseradish.  If 
these  be  heaped  together  in  a  pile  when  moist,  they  will,  on 
decaying,  likewise  evolve  sulphuretted  hvdrogen. 

137.  Finally,  it  remains  to  be  statecl  that  this  gas  occurs 
also  in  some  mineral  waters,  as  may  be  recognised  by  the 
smell  and  taste.  Many  of  these  springs — ^for  instance,  the 
celebrated  springs  of  Aix-la-Chapelle — are  resorted  to  by  in- 
valids, and  are  called  sulphur  springs,  A  rotten  wooden 
water-pipe  may  convert  an  otherwise  potable  water,  if  it  should 
contain  sulphate  of  lime,  into  a  nauseous  sulphuretted  water ; 
but  by  clearing  out  the  well,  and  laying  down  new  pipes,  the 
water  may  be  rendered  completely  odourless  and  good. 

SBLBNIUH  (Se). 

Selenium  is  an  element  which  has  great  resemblance  to  sul- 
phur. It  is  of  rare  occurrence,  and  is  contained  in  the  red 
matter  deposited  from  certain  varieties  of  sulphuric  acid,  espe- 
<dally  alter  the  acid  has  been  diluted  with  water. 

PH08PHOEU8  (P). 
At.  Wt.  ^  82--Sp.  Gr.  —  1.75. 

138.  Great  care  is  required  in  experimenting  with  phos- 
phorus, that  it  does  not  take  fire  at  an  unseasonable  moment, 
as  it  continues  burning  with  the  greatest  violence,  and  might 
occasion  dangerous  wounds.  It  may  catch  fire  even  when 
lying  upon  blottmg-paper,  particularly  in  summer-time,  or  by 
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the  heat  of  the  fingerl  Henoe  it  muGft  be  kept,  and  also  cvt, 
iindw  water.  On  being  taken  fiom  the  water,  it  ahonld  be 
held  by  a  pair  of  forceps,  or  be  stuck  oa  the  poiat  of  s  kntfe. 
Prudenoe  abo  wouki  dictate  to  experifDeat  witk  smidl  quantities 
only  at  a  time,  and  to  bave  a  TesBel  of  water  in  readinefls,  in 
which  it  may  be  qu^M^d  in  ease  it  sfcioakl  catch  fire. 

139.  PhcNaph(»v8  if,  in  its  properties,  cbseiy  allied  to  sni- 
pbiir,  btit  it  nas  an  mcomparably  more  irritable  temperament. 
Sulphur  may  be  regarded  as  die  ]^ilegmatic  lurother  of  phos- 
phorus. Phosphorus,  like  sulphur,  mdts,  boils,  eTapcmttes,  and 
bums,  but  hx  more  easily  and  rapidly.  In  winter  it  is  luittle, 
in  summer  flexible  as  wax.  Wh^  pore  and  ireMy  pr^ored 
it  is  colourless,  transparent,  and  am<»pho«8,  but  a£ber  a  time  it 
becomes  ydlow,  and  coated  oyer  with  a  hydrated  white  cn»t. 

Pho^horus  is  insokdble  in^water,  but  soluble  in  ether,  alco- 
hol, sulphuret  of  carbon,  and  <uls.  > 

Phosphorus  is  an  exceedingly  violent  ^tomom,  and  is,  for  this 
reason,  ftequently  employed  n>r  the  extirpation  of  rats  and 
mice.  The  rat  paste,  as  it  is  called  (phosphorus  dough),  is 
composed  of  1  drachm  of  pho^ihorus,  8  ounces  of  hot  water, 
and  8  ounces  of  flour. 

140.  Experiments  wiik  Fhoepkorme, 

MxperimefU  a. — ^Put  into  a  small  flask  ^st  a  quarter  <^  an 
ounce  of  ether,  then  a  piece  of  phosphorus,  of  the  sice  of  a  pea. 
Cork  the  flask  and  let  it  stand  some  days,  frequently  shakii^ 
it.  Decant  the  liquid ;  it  contains  in  solution  about  one  gndn 
of  phosphorus,  and  will  serve  for  the  following  experiments. 

Experiment  b. — Pour  sane  drops  of  this  solution  upon  the 
hand,  and  rub  them  quickly  together;  the  ether  will  eyaporate 
in  a  few  moments,  but  the  phosphorus  will  remiun  i;^n  the 
hands  in  a  state  of  minutest  division.  The  more  finely  it  is 
divided,  so  much  the  more  easily  does  it  combine  with  the^ 
oxygen  of  the  air.  During  this  combination  it  difluses  a  white 
smoke  and  a  strong  light  (it  phosphoresces),  causing  the  hands 
to  shine  in  the  dark ;  hence  its  name,  phosphorus^  from  <h5iSy 
lights  and  ^epetv,  to  eairry.  On  rubbing  the  hands  this  he^ht 
becomes  more  vivU,  as  a  fresh  sur£Me  of  plmsphorvf  is  tlius 
continually  ^^sented  to  the  oj^gen  of  the  air.  The  heat  thus 
evt^yed  is  too  feeble  to  occacnon  ^ition.  T%i8  ondatioa, 
taking  place  at  a  low  temperature,  is  called  daw  eomhution. 
The  hands,  during  tiie  pho^horescenoe,  have  a  smell  of  garlic. 


PHOSPHOBUS.  113 

and  impart  at  the  same  time  a  sour  taste  to  the  tongue,  as  the 
comhination  of  the  oxygen  with  the  phosphorus  is  an  acid ;  it 
is  called  phosphorous  acid,  and  consists  of  one  atom  of  phos- 
phorus and  three  atoms  of  oxygen.  When  a  larger  quantity 
of  acid  is  required,  put  a  stick  of  phosphorus  into  a  flask,  and 
let  it  remain  in  the  cellar  until  the  phosphorus  is  converted 
into  a  colourless  acid  liquid.  In  this  case,  a  portion  of  the 
phosphorous  acid  produced  takes  up  still  more  oxygen,  and  he- 
comes  phosphoric  acid;  accordingly,  the  liquid  thus  obtained  is 
a  mixture  of  these  two  acids. 

Experiment  c. — Moisten  a  lump  of  sugar  with  the  solution 
of  phosphorus,  and  throw  it  into  hot  water.  The  heat  of  the 
latter  volatilises  the  ether  and  the  phosphorus,  both  of  which 
rise  to  the  surface  of  the  water  and  there  inflame  spontaneously 
on  coming  in  contact  with  the  oxygen  of  the  air.  The  com- 
bustion in  this  case  is  brisk  and  complete.  The  phosphorus 
takes  up  a  large  quantity  of  oxygen,  one  atom  of  it  uniting  with 
five  of  oxygen;  there  is  formed  phosphoric  acid,  which  is  always 
generated  when  phosphorus  is  completely  burnt,  that  is,  with 
a  flame,  as  has  already  been  explained. 

Experiment  A — Pour  some  of  the  ethereal  solution  of  phos- 
phorus upon  fine  blotting-paper;  the  latter  ignites  spontaneously 
after  the  ether  has  evaporated.  The  more  minutely  the  phos- 
phorus is  divided,  so  much  the  more  readily  it  begins  to  burn. 

Experiment  e. — Put  a  piece  of  phosphorus  of  the  size  of  a 
pea  on  blotting-paper,  and  sprinkle  over  it  some  soot  or  pul- 
verised charcoal ;  it  melts  after  a  while,  and  spontaneously  in- 
Jlames,  The  finely  pulverised  charcoal  causes  this  combustion, 
owing  to  its  porosity.  It  eagerly  absorbs  oxygen  from  the  air, 
imparts  it  again  to  the  phosphorus,  and,  being  a  bad  conduc- 
tor of  heat,  the  cooling  of  the  latter  is  prevented. 

141 .  Phosphorus  is  also  easUy  ignited  by  friction^  and  is,  for 
this  reason,  employed  in  the  manufacture  of  lucifer-matches. 
The  combustible  mass  is  prepared  from  hot  mucilage,  at  168^  F. 
(70°  C),  to  which  small  pieces  of  phosphorus  are  added,  being 
thoroughly  incorporated  with  it  by  constant  rubbing  till  cold. 
But  as  the  mass,  by  becoming  hard  on  drying,  prevents  the  ac- 
cess of  air  to  the  phosphorus,  there  must  be  added  some  sub- 
stance rich  in  oxygen,  as  black  oxide  of  mang^ese,  nitre,  or  red- 
lead,  from  which  the  phosphorus  can  abstract  the  oxygen  neces- 
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sary  for  its  ignition.  1|  parts  of  phosphorus,  4  of  g^um  Arahie, 
4  of  water,  2  of  nitre,  and  2  of  led-lead,  form  a  good  inflam- 
mable mass.  A  temperature  of  149°  F.  {66''  C.>— 158°  F. 
(70°  C.)  is  requisite  for  kindling  matches  (§  113);  in  this  case 
the  temperature  is  caused  by  friction.  The  coating  of  the  match 
is  thus  brokeii  and  kindled,  and  the  continued  burning  is  now 
maintained  by  the  oxygen  of  the  air. 

142.  Experiment — Put  a  piece  of  phosphorus,  of  the  siie  of 
a  pea,  into  a  wine-glass,  and  pour  hot  water  upon  it  until  the 
glass  is  half  filled ;  the  phosphorus  melts,  but  does  not  ignite, 
as  access  of  air  is  prevented  by  the  water. 
But  if  air  be  carefully  blown  by  the  mouth 
through  a  long  glass  tube  upon  the  bottom 
of  the  wine-glass,  combtMtion  will  ensue, 
which  is  visible,  especially  in  the  dark.  In 
this  case,  as  but  little  oxygen  at  a  time 
comes  into  contact  with  the  phosphorus,  a 
still  lower  combination  of  phosphorus  witii 
oxygen  is  formed ;  it  swims  as  a  red  powder 
in  l£e  liquid,  and  is  called  tkcide  of  phos- 
pkoruSy  containing  for  every  two  atoms  of 
phosphorus  only  one  atom  of  oxygen. 

143.  Experiment, — We  obtam  the  same 

combination  by  gently  heating  a  piece  of 

phosphorus  of  the  size  of  a  pea,  placed  in 

the  middle  of  a  glass  tube,  about  twelve  inches  long.     When 

ignition  commences,  remove  the  lamp.     While  the  tube  is  held 

horizontally,  the  combustion  is 
feeble  and  imperfect,  because  the 
■fifll ^  heavy  smoke,  consisting  of  phos- 
phoric and  phosphorous  acids,  pass- 
ing off  slowly,  allows  the  admission 
of  only  a  small  quantity  of  air. 
Some  red  oxide  of  phosphorus  is 
deposited  on  the  upper  part  of  the 
tube.  But  tibe  combustion  immediately  becomes  more  vivid  on 
inclining  the  tube,  and  when  the  tube  is  held  perpendicularly  it 
is  complete,  as  then  the  draught  of  air  is  most  powerful.  In 
this  way  phosphorus  may  be  oxidised  to  either  degree  required; 
•it  must  be  slowly  burnt  to  form  phosphorous  acid,  imperfectly 
to  form  oxide  of  phosphorus^  and  completely  to  form  phos- 
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plioiic  acid.     The  experiment  is  also  well  adapted  for  illustrat- 
ing the  principle  of  draughts  in  chimneys,  &c.     (§  111.) 

144.  Phosphorus  was  formerly  obtained  from  luine,  but  is 
now  nniyersally  prepared  from  bones.  Bones  consist  of  gelatine, 
lime,  and  phosphoric  acid  (P  O5). 

The  gelatine  is  removed  by  calcining  the  bones.     It  is  burnt. 
The  lime  is  removed  by  sulphuric  acid.     Sulphate  of  lime  is 
formed. 

rThe  oxygen  (Os)  is  expelled  b7  i^ting  the  bones  with 
Phosphoric  add,    <  '  charcoal  (carl)omc  acid  gas  is  duengs^ed). 
(.  Phosphorus  (P)  remains  behind. 

As  phosphorus  is  volatile  and  highly  inflammable,  the  phos- 
phoric acid  and  charcoal  are  heated  in  a  closed  vessel,  commonly 
in  an  earthen  retort,  the  beak  of  which  dips  under  water  con- 
tained in  the  basin,  in  which  the  vapour  of  the  phosphorus  is  to  be 
condensed.  This  process  is  accordingly  one  of  distillation.  The 
carbonic  oxide,  which  is  simultaneously  evolved,  together  with 
some  phosphuretted  hydrogen  and  carburetted  hydrogen  gas, 
escapes  through  the  water. 

Charcoal,  at  a  red  heat,  has  the  power  of  abstracting  oxygen 
&om  almost  all  acids  and  bases,  as  in  this  case  from  phosphoric 
acid,  or,  chemically  speaking,  to  deoxidate  or  reduce  them ;  thus 
carbonic  oxide  (C  O),  which  escapes,  is  formed  from  carbon 
and  oxygen.  Almost  all  metals  are  obtained  from  native  me- 
tallic oxides  or  ores,  by  heating  them  with  charcoal. 

PHOSPHURETTED  HTDBOOEN  (P  Hs). 

145.  Experiment. — Put  into  an  ounce  flask  a  quarter  of  an 
ounce  of  slaked  lime,  and  a  piece  of  phosphorus  the  size  of  a 
pea,  fill  it  up  to  the  neck  with  water,  and  place  it  in  a  small 

Fig.  83.  vessel    containing    a 

strong  solution  of  salt, 
prepi^ed  by  adding 
half  an  ounce  of  com- 
mon salt  to  an  ounce 
and  a  half  of  water. 
Fit  to  the  flask  a  bent 
^ass  tube,  one  end  of 
which  is  made  to  dip 
into  a  basin  of  wat^; 
heattiie  salt  water  to  boiling,  and  a  gas  will  be  evolved,  which, 
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as  it  issues  from  the  tube  and  comes  in  contact  wftli  the  air» 
takes  fire  spontaneouisly.  This  gas  is  called  pkosphuretted  hy- 
drogen, and  consists  of  several  combinations  of  phosphorus  and 
hydrogen,  chiefly  of  P  H3.  If  you  collect  it  in  a  small  jar  filled 
with  water,  it  immediately  takes  fire  upon  the  admission  of  air. 
Both  the  phosphorus  and  the  hydrogen  combine  with  the  oxy- 
gen of  the  air,  and  there  results  phosphoric  acid  (P  Os)  and 
water  (H  O).  The  first  rises  as  a  white  smoke,  which,  when 
it  issues  in  separate  bubbles  &om  the  water,  takes  the  form  of 
a  wreath.  Phosphuretted  hydrogen,  when  unbumt,  emits  the 
smell  of  garlic. 

146.  In  the  preparation  of  sulphuretted  hydrogen  (§  132), 
the  iron  deprived  the  water  of  its  oxygen,  and  the  sulphur  took 
the  liberated  hydrogen.  What  these  two  substances  together 
accomplish,  phosphorus  can  effect  alone;  it  abstracts  from  the 
water  both  its  oxygen  and  hydrogen,  and  it  divides  itself  be- 
tween the  elements  of  the  water.  The  phosphorus  forms  with 
oxygen  two  acids,  phosphoric  and  hypophosphorous  acids,  which 
remain  behind ;  but  it  forms  with  hydrogen  a  volatile  gaseous 
combination,  which  escapes.  Phosphorus,  however,  can  only 
effect  this  in  the  presence  of  a  strong  base,  for  instance,  lime, 
with  which  the  acids  composed  of  phosphorus  and  oxygen  com- 
bine. Thus,  lime  does  not  directly  aid  in  the  decomposition  of 
water,  but  it  encourages  the  phosphorus  to  exert  more  power 
and  activity.  The  lime  would  gladly  have  combined  with  acids, 
but  there  are  none  present ;  they  may,  however,  be  formed,  if 
the  phosphorus  abstracts  the -oxygen  from  the  water.  This 
does  take  place,  and  we  can  say  the  lime  urges  on  the  phospho- 
rus,— disposes  it  to  decompose  the  water,  in  order,  as  it  were^ 
to  satisfy  its  own  eagerness  to  unite  with  an  acid.  Thus  is  de- 
fined the  name  which  this  kind  of  affinity  has  received ;  it  is 
called  predisposing  affinity.  This  term  expresses  an  affinity, 
an  eager  desire  to  combine  with  a  body  not  yet  existing,  but 
which  body  may  be  formed  from  the  elements  present,  and 
which  is  in  reality  formed  in  consequence  of  this  desire. 

147.  If  we  now  reflect  upon  the  processes  of  preparing  hy- 
drogen (§  84)  and  sulphuretted  hydrogen  (§  132),  we  shsJl  see 
that  in  both  of  these  instances  a  predisposing  affinity  is  also 
exerted.  But  the  impelling  body,  in  these  instances,  is  an  acid, 
— ^the  powerful  sulphuric  acid.  This  acid  has  a  strong  desire  to 
unite  with  a  base,  and  it  urges  the  iron  to  convert  itself  into  1^ 
base,  which  is  readily  accomplished  when  the  iron  combines  with 
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the  oxygen  of  the  water.  The  other  element  of  the  water  is 
thereby  set  free,  and  escapes  as  a  gas,  in  the  first  case  alone,  in 
the  second  accompanied  by  sulphur,  which  the  iron  releases  at 
the  moment  when  it  combines  with  the  oxygen,  for  which  it  has 
a  preference. 

148.  It  may,  perhaps,  be  asked  why  the  sulphuric  acid  did 
not  immediately  combine  with  the  metallic  iron,  or  the  lime 
with  the  phosphorus  ;  this  could  not  take  place,  as  simple  sub- 
stancesy  with  but  few  exceptions^  combine  only  with  simple 
ones,  and  compound  only  with  compound  substances.  Hence 
the  compound,  sulphuric  acid,  cannot  combine  with  the  simple 
element,  iron,  but  can  combine  with  the  compound,  protoxide 
of  iron.  Neither  can  th^  compound,  lime,  enter  into  combina- 
tion with  simple  phosphorus;  but  it  will  do  so  immediately, 
when  phosphorus,  by  combining  with  oxygen,  becomes  a  com- 
pound body. 

149.  In  the  last  experiment,  the  flask  was  placed  in  salt 
water,  in  order  to  guard  against  the  ignition  of  the  phosphorus, 
in  case  the  flask  should  accidentally  break.  Salt  water,  at  the 
strength  specified,  will  not  boil  under  228°  F.  (109°  C.) ;  con- 
sequently, the  boiling  in  the  flask  is  more  active  than  if  it  had 
been  placed  in  pure  water,  the  temperature  of  which,  under  or- 
dinary pressure,  can  only  be  raised  to  212°  F.  (1^°  C.)  The 
apparatus  for  heating  substances  by  means  oPhot  water  or 
saline  solutions  is  called  a  water  or  saline  bath.  By  such  con- 
trivances extracts  are  evaporated,  and  substances  dried,  which, 
at  a  stronger  heat,  would  easily  burn,  or  otherwise  be  decom- 
posed. 

Phosphorus  and  sulphur  are  especially  characterised  by  their 
great  inflammability;  hence  they  may  be  called  pyrogens  or 
fire-generators. 


RETROSPECT  OP  THE  PYROGENS  (sULPHUR  AND  PHOSPHORUS). 

1.  Simple  bodies  combine  only  with  simple  bodies,  compound 
only  with  compound  bodies. 

2.  In  order  that  two  bodies  may  act  chemically  on  each  other, 
one  of  them  must,  as  a  general  rule,  be  liquid  or  gaseous. 

3.  When  a  body  is  suddenly  precipitated  from  its  liquid  or 
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gaseous  state,  as  a  solid,  it  is  then  obtained  as  a  fine  dust  (milk 
of  sulphur  and  flowers  of  sulphur). 

4.  All  finely  divided  and  porous  bodies  eagerly  absorb  gases, 
and  condense  them  within  their  pores ;  in  many  cases  this  is 
done  so  powerfully  as  to  force  the  gases  into  chemical  combina- 
tion (spongy  platinum,  charcoal,  and  soot). 

5.  Imperfect  combustion  or  oxidation  takes  place  when  the 
supply  of  air  is  deficient ;  slow  combustion^  when  substances 
combme  with  oxygen  at  the  common  temperatures :  but  com- 
plete  and  rapid  combustion^  when  the  union  takes  place  at  a 
high  temperature,  and  with  an  abundant  and  constant  supply 
of  air.  In  the  two  former  cases,  lower  degrees  of  oxidation  are 
formed,  and  in  the  latter,  higher  degrees  of  oxidation. 

6.  In  chemical  reactions  the  right  of  the  strongest  prevails  ; 
a  stronger  chemical  substance  can  expel  a  weaker  from  its  com- 
bination, and  replace  it.  This  is  called  decomposition  by  simple 
elective  affinity, 

7.  Decomposition  by  double  elective  affinity  takes  ^ace 
when  two  combinations  mutually  exchange  elements. 

8.  If  single  or  double  elective  affinity  is  caused  by  the  pre- 
sence of  a  tibird  body,  commonly  a  strong  acid  or  a  strong  base, 
it  is  called  predisposing  affinity, 

9.  DeoxidaUe,  the  opposite  of  oxidate^  is  a  term  applied  to 
the  depriving  compounds  of  their  oxygen. 

10.  In  order  to  detect  a  chemical  substance,  and  to  separate 
it  firom  others,  the  solution  of  it  is  mixed  with  tests,  that  is,  with 
such  bodies  as  form  with  it  an  insduble  compound  (precipitate), 
or  change  its  colour,  smell,  &c. ;  such  changes  are  called  re- 
a^tions, 

11.  Tfiste  is  perceived  only  in  soluble  bodies,  odour  only  in 
volatile  ones. 


THIBD  GROUP  OF  METALLOIDS  :   HALOGENS. 
CHLOBINB  (CI). 

At  Wt.  =  36.— Sp.  Gr.  =  2.6. 

150.  Experiment — ^Pour  one  ounce  and  a  half  of  muriatic 
acid  upon  a  quarter  of  an  ounce  of  finely  powdered  black  oxide 
of  manganese,  and  heat  it  gradually  in  a  flask,  to  which  is 
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Fig.  84 


adapted  a  bent  glass  tube;  a 
yellowish-green  gas  is  disen- 
gaged, winch  is  collected  by  a 
process  already  described.  This 
gas  is  called  chlorine  (from 
xXo/xiff,  greefi),  because  it  has  a 
greenish  colour.  Fill  with  it 
seyeral  six-ounce  bottles  of  white 
glass,  and  cork  them  up.  Fill, 
hkewise,  a  bottle  with  two- 
thirds  of  chlorine  and  one-third 
of  water,  and  shake  it  up  ;  suc- 
tion is  exerted  upon  a  finger 
which  closes  the  mouth  of  it> — 
a  proof  that  a  vacuum  has  been  produced.  If  the  finger  be  re- 
moyed,  the  air  immediately  rushes  in.  Thiis  vacuum  was  caused 
by  the  chlorine  having  dissolved  in  the  water,  which  might  be 
inferred  also  from  the  disappearance  of  the  yellow  colour  from 
the  upper  part  of  the  bottle.  One  measure  of  water  dissolves 
two  measures  of  chlorine.  This  solution  is  called  chlorine 
water. 

Miuriatic  acid,  which  is  usually  prepared  from  common  salt, 
is  a  combination  of  chlorine  and  hydrogen,  and  belongs  to  the 
class  of  hydrogen  acids  ;  if  it  be  deprived  of  the  hydrogen,  the 
chlorine  is  set  free.  This  is  done  in  the  following  manner. 
When  muriatic  acid  is  added  to  black  oxide  of  manganese 
(Mn  O2),  the  oxygen  of  the  manganese  takes  from  the  muriatic 
acid  its  hydrogen,  and  water  is  formed,  but  simultaneously  also 
perchloride  of  manganese  (Mn  CI2),  from  the  manganese  and 
chlorine  liberated.  The  perchloride  of  manganese,  however, 
loses  at  a  very  gentle  heat  half  of  its  chlorine,  just  as  the  oxygen 
escaped  from  the  black  oxide  of  man- 
Flaid.  ganese  at  a  red  heat,  only  it  loses 
it  fiar  more  readily.  From  per- 
chloride of  manganese,  there  is  ac- 
Flnid.  cordingly  farmed  protochloride  of 
manganese  and  free  chlorine,  the 
latter  of  which  escapes  as  a  yeUowish  gas.  Mn  CI2  is  resolved 
mto  Mn  CI  and  CI. 

If  the  oxygen  of  the  manganese  is  previously  expelled  by  heat, 
and  then  conducted  into  muriatic  acid,  it  no  longer  possesses 
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the  power  of  withdrawing  firom  the  acid  its  hydrogfen,  and  con- 
sequently no  chlorine  will  he  evolved.  Oxygen  has  this  power 
only  at  the  very  raomeot  when  it  is  separating  from  its  comhi- 
nation  with  another  hody,  that  is,  in  its  nascent  state.  When 
actually  liherated,  it  has  far  less  inclination  to  abandon  its  free- 
dom. This  pecuharity  appertains  to  other  elements,  and  it  is 
often  taken  advantage  of  to  force  into  combination  such  bodies  as 
have  but  slight  affinity  for  other  bodies,  and  which  combination 
could  not  have  been  effected  in  a  direct  way. 

Chlorine  is  not  only  obtidned  from  manganese,  but  from  all 
bodies  which  part  easily  with  their  oxygen,  as,  for  instance, 
chlorate  of  potassa,  red  lead,  &c.,  by  heating  them  with  muriatic 
acid. 

151.  Muriatic  acid  derives  its  chlorine  from  common  salt, 
more  than  half  of  which  consists  of  chlorine ;  consequently, 
this  gas  may  be  also  obtained  irom  salt  by  mixing  three- 
quarters  of  an  ounce  of  it  with  half  an  ounce  of  black  oxide  of 
manganese,  two  ounces  of  sulphuric  acid,  and  one  ounce  of 
water,  and  heating  them ;  by  adding  sulphuric  acid  to  the  salt, 
muriatic  acid  is  formed,  and  set  free,  and  this  is  decomposed  by 
manganese,  in  the  way  already  mentioned.  ' 

Chlorine  acts  as  a  poison  on  being  inhaled;  hence,  care 
must  be  taken  not  to  inhale  it  while  preparing  it.  For  greater 
security,  pour  some  drops  of  alcohol  and  ammonia  upon  a  cloth 
and  wave  it  frequently  in  the  air;  the  chlorine  contained  in 
the  air  will  then  be  so  altered,  that  it  will  lose  its  injurious 
properties. 

152.  Eonperiments  with  Chlorine. 

Experiment  a. — In  order  to  recognise  the  odour  of  chlorine, 
smell  cautiously  chlorine  water  (but  not  the  gas) ;  the  chlorine 
water  may  be  tasted  also  without  danger.  The  smell  of  chlorine 
is  pecuHarly  pungent  and  suffocating,  and  it  has*  an  astringent, 
harsh,  styptic  taste. 

Experiment  b. — If  a  flask  containing  chlorine  gas  be  exposed 
to  the  air,  no  diminution  of  the  chlorine  will  be  perceptible ;  but 
if  the  flask  be  inverted  it  will  contain  in  a  short  time  only  at- 
mospheric air.  Chlorine  is  two  and  a  half  times  heavier  than 
common  air,  and  its  specific  gravity  is  2.5. 

Experiment  c. — Introduce  a  piece  of  litmus-paper  into  chlo- 
rine gas,  and  it  becomes  white ;  pour  chlorine  water  upon  red 
wine,  or  ink,   and  both  the  liquids  will  lose  their  colour. 
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Chlorine  bleaches  and  destroys  all  colours  derived  frpm  the 
animal  or  vegetable  kingdom.  In  consequence  of  this  property, 
chlorine  has  hecome  a  most  important  agent  in  bleaching ;  and 
linen,  cotton,  paper,  and  other  materials,  may  now  be  rendered 
perfectly  white  by  it  in  a  few  hours  ;  while^  by  the  old  method 
of  laying  them  on  the  grass  in  the  sun,  weeks,  and  even 
months,  were  required  for  effecting  it.  This  method  of  bleach- 
ing is  called  quick  bleaching^  the  other  is  called  grass^bleaching. 
The  modem  method  is  very  excellent,  and  does  not  in  the  least 
injure,  the  strength  of  the  fabric,  provided  all  the  chlorine  be 
completely  removed  again  after  the  bleaching  is  finished,  which 
is  not  so  easily  done  as  many  bleachers  suppose.  If  this  pre- 
caution is  not  observed,  or  if  the  chlorine  water  is  too  strong  or 
in  excess,  then,  indeed,  after  the  colour  is  destroyed,  the  fibres 
of  the  yam  or  fabric  itself  will  be  attacked.  The  fault  is  not 
to  be  attributed  to  the  chlorine,  but  rather  to  the  injudicious 
application  of  it.  A  salt  has  lately  been  introduced  into  com- 
merce, under  the  name  of  antichlorine,  by  means  of  which,  if 
any  chlorine  should  happen  to  remain  in  the  bleached  materials, 
they  will  not  be  in  the  slightest  degree  injured  by  it.  As  the 
health  of  the  labourers  is  endangered  by  the  use  of  chlorine 
gas  or  chlorine  water,  chloride  of  lime  is  now  substituted,  a 
salt  in  which  chlorine  is  chemically  combined,  but  from  which 
it  b  easily  disengaged,  even  by  mere  exposure  to  the  air. 

Earperiment  d. — Apply  chlorine  water  to  decaying  and  nau- 
seous substances  (water  in  which  flowers  have  been  kept, 
manure,  rotten  eggs,  &c.) ;  the  bad  odour  will  at  once  entirely 
vanbh.  Thus  it  not  only  decomposes  colours,  but  also  the  vola- 
tile  combinations  formed  during  putrefaction,  and  w)iich  occasion 
disagreeable  odours.  It  acts  in  a  similar  manner  also  upon 
morbific  matter  (matters  of  contagion,  nliasm),  which,  being 
diffused  in  the  air  or  attached  to  clothes  and  beds,  may  com- 
municate dbease.  Chlorine  b,  therefore,  a  powerful  disinfect" 
ing  agenty  and  is  used  for  purifying  all  putrefying  matter  and 
infected  atmospheres,  and  for  arresting  the  decay  of  organic 
substances.  Musty  casks  may  also  be  purified  by  washing  them 
first  with  chlorine  water,  and  then  with  some  milk  of  lime. 
Mouldy  cellars,  in  which  milk  or  beer  cannot  be  kept  without 
turning  sour,  are  again  rendered  serviceable  for  a  long  time  by 
fumigating  them  with  chlorine  gas,  or  by  washing  them  with 
chlorine  water,  or  a  solution  of  cUoride  of  lime. 
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JEJap^ment  e. — ^Fill  a  small  bottle  with  chlorine  water,  and 
invert  it  in  a  vessel  filled  with  water;  if  this  is  put  away  in  a 
dark  place,  it  remains  unchange4;  but  if  it  is  exposed  to  the 
sun,  a  colourless  gas  will  collect  in  the  upper  part  of  the  flask, 
in  which  a  glowing  taper  will  inflame;  this  gas  is  osyg^:!. 
After  some  days  the  water  will  entirely  lose  its  odour  of  chlo- 
rine, and  will  nave  acquired  a  sour  taste,  and  instead  of  bleach- 
ing blue  litmus-paper,  it  will  redden  it.  Three  elements  only 
were  present,  the  constituents  of  water  and  chlorine ;  thus  it  is 
obvious,  that  the  chlorine  must  have  united  with  the  hydrogen 
of  the  water  to  form  muriatic  acid,  the  oxygen  being  set  free. 

Chlorine  had  here  the  choice 
BemMns  in  between  hydrofi:en  and  oxysren ; 
it  chose  the  former;  it  has,  con- 
Escapes  as  sequently,  a  greater  affinity 
gas.  for  hydrogen  than  for  oxygen. 
This  affords  another  example 
of  simple  elective  affinity.  Bottles  in  which  chlorine-water  is 
kept,  uiould,  therefore,  be  protected  from  the  light,  and  this 
can  be  most  conveniently  done  by  pasting  black  paper  round 
them. 

The  bleaching  and  disinfecting  power  of  chlorine  is  now 
easily  explained  by  its  strong  affinity  for  hydrogen.  All  animal 
and  vegetable  substances  contain  hydrogen,  which  is  taken  from 
them  by  chlorine.  But  if  a  single  chemical  pillar  &Us,  the 
whole  chemical  structure  tumbles  with  it.  By  the  abstraction 
of  the  hydrogen,  the  colouring  matter  becomes  colourless,  the 
odorous  principles  scentless,  the  morbific  matter  innoxious,  in- 
soluble substances  are  very  frequently  rendered  soluble,  &c. 
Experiment  f, — Dissolve  in  a  test-tube  a  small  quantity  <^ 
green  vitriol  (sulphate  of  iron)  in  cold 
water,  and  add  to  the  solution  a  few  drops 


Bemains  in  solatian. 


Bemains  in  solatioo. 


of  sulphuric  acid ;  then,  some  chlorine  water ;  the  soluti(»i  will 
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iminediatelj  assume  a  yellow  colour.  In  thb  case,  also,  the 
water  is  decomposed ;  the  hydrogen  passes  to  the  chlorine,  hut 
the  oxygen  is  not  liherated,  since  it  here  meets  with  a  hody 
wfaidi  already  contains  oxygen,  hut  which  is  capahle  of  receiving 
still  more^ — namely,  protoxide  of  iron.  This  hecomes*more 
highly  oxidised,  and  the  yellow  liquid  now  contains  sulphate  of 
sesquioxide  of  inm.  Consequently  we  have  in  chlorine  water  a 
powei&l  oaidising  agent,  hy  means  of  which  we  can  easily 
convert  salts  of  tibe  protoxide  into  salts  of  the  sesquioxide  or 
peroxide. 

JEaperiment  g, — ^Put  into  chlorine  water  some  pure  gold- 
leaf ;  it  wiU  soon  disappear,  as  the  simple  element  chlorine 
combines  with  the  simple  element  gold.  The  combination  is 
called  chloride  of  gold ;  it  is  soluble  in  water.  Chlorine  has  a 
very  great  tendency  to  combine  with  the  metals.  These  com- 
binations  comport  themselves  like  salts ;  they  are  called  metallic 
chloridesy  and  most  of  them  are  soluble  in  water. 

Experiment  h. — Pour  into  a  vessel  filled  with  chlorine  gas  a 
little  metallic  antimony,  in  fine  powder;  it  will  fsdl  in  a  red-hot 
state  to  the  bottom,  as  though  it  were  a  shower  of  fire.  The 
red  heat  is  caused  by  the  violent  combination  of  the  chlorine 
with  the  antimony.  The  white  smoke  which  fills  the  flask  is 
the  new  combination  formed,  viz.,  chloride  of  antimony.  If  a 
fine  brass  wire,  on  which  a  piece  of  tinsel  has  been  fastened,  be 
introduced  into  chlorine  gas,  the  wire  will  bum  with  a  vivid 
combustion,  and  with  the  emission  of  sparks.  Here  combustion 
means  the  same  as  a  combination  with  chlorine.  Brass  consists 
of  adnc  and  copper ;  accordingly,  chlorides  of  zinc  and  copper 
are  formed.  Both  dissolve  in  water,  and  the  chloride  of  copper 
imparts  to  the  solution  a  green  tinge. 

JExperiment  i. — Place  in  this  solution  a  polished  knife-blade ; 
in  a  short  ^e  it  will  be  covered  with  a  coating  of  the  red 
metal,  copper.  The  iron  possesses  a  still  greater  affinity  for 
dilorine  uum  copper  does,  and,  as  in  chemical  reactions,  the 
right  of  the  strongest  prevails,  so  the  iron  seizes  the  chlorine, 
and  the  copper  is  deposited  in  the  metallic  state.  This  method 
is  frequently  employed  for  precipitating  a  metal  from  its  solu- 
tion. Polished  iron  is,  accorcUngly,  a  test  for  copper,  and  by 
means  of  it  we  can  ascertain,  very  simply  and  accurately, 
whether  copper  is  present  in  pickl^  cucumbers,  or  preserved 
froit,  which  may  have  been  carelessly  prepared  in  copper  vessels. 
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153.  Experiment — If  a  piece  of  sodium  of  the  size  of  a  pea 
is  thrown  into  a  cup  coniainiug  chlorine  water,  it  will  moye 
rapidly  round,  just  as  in  common  water,  with  a  hissing  noise, 
and  finally  disappear;  but  if  a  sufficient  quantity  of  the  chlorine 
was  present,  the  liquid  will  not  afterwards  give  a  basic  reaction, 
as  in  the  experiment  in  §  67  ;  neither  will  it  have  an  alkaline, 
but  a  saline  taste.  If  allowed  to  evaporate  gradually  over  a 
warm  stove,  small  cubic  crystals  remain  behind,  the  constitu- 
ents of  which  are  chlorine  and  sodium.  Thus,  from  these  two 
elements  a  salt  has  been  formed,  familiarly  known  as  common 
salt. 

154.  Chlorine,  like  oxygen  and  sulphur,  unites  in  several 
proportions  with  other  suDstances.  Thus,  there  are  difiPerent 
chlorides,  as  well  as  different  oxides  and  sulphurets.  The  com- 
binations containing  smaller  quantities  of  chlorine  are  called 
protochlorides ;  those  containing  larger  quantities  are  called 
perchlorides, 

IODINE  (i). 
At  Wt.  =  127.— Sp.  Gr.  =  5. 

155.  Iodine  is  a  solid  body,  somewhat  resembling  black- 
lead  ;  it  smells  a  little  like  cluorine,  has  a  pungent  taste,  and 
stains  the  skin  brown. 

Experiment, — Put  24  grains  of  iodine  into  a  flask,  and  pour 
over  them  half  an  ounce  of  strong  alcohol  ;  if  the  iodine  is  pure 
it  will  entirely  dissolve.  This  dark  brown  solution  is  called 
tincture  of  iodine.  Water  dissolves  only  a  trace  of  iodine,  but 
yet  is  rendered  yellow  by  it. 

Experiment. — Put  a  little  iodine  upon  a  knife,  and  hold  it 
over  the  flame  of  a  lamp ;  the  iodine  melts,  and  is  afterwards 
converted  into  a  violet-coloured  gas — vapour  of  iodine.  As 
the  iodine  fumes  are  nearly  nine  times  heavier  than  common 
air,  they  sink  in  it.  Iodine  owes  its  name  to  the  colour  of  its 
vapour,  the  Greek  word  \mbrjs  meaning  violet'coloured.  The 
vapour  appears  more  beautiful  when  the  iodine  i&  heated  in  a 
small  flask.  After  cooling,  the  walls  of  the  flask  become  lined 
-mth  small  brilliant  crystals  of  solid  iodine,  affording  an  example 
that  regular  crystals  may  also  be  formed  when  bodies  pass  from 
the  aeriform  into  the  solid  state. 

Experiment. — ^Boil  one  grain  of  starch  in  a  test-tube  with  one 
drachm  of  water,  and  add  to  the  thin  paste  thus  obtained  a  few 
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drops  of  tincture  of  iodine ;  the  iodine  combines  with  the  starch  ; 
the  combination  is  of  a  deep  blue  colour.  The  blue  colour  dis- 
^pears  on  boiling,  but  returns  again  on  cooling.  If  one  drop 
rf  the  starch  paste  is  mixed  with  one  quart  of  water,  even  at 
this  extreme  dilution,  the  iodine  tincture  will  impart  to  it  a 
violet  tinge.  Consequently,  it  is  an  exceedingly  delicate  test 
for  detecting  starch,  and  starch,  on  the  other  hand,  for  detect- 
ing iodine.  If  a  little  tincture  of  iodine  is  dropped  upon  flour, 
bread,  potatoes,  &c.,  the  presence  of  starch  in  these  substances 
will  at  once  be  indicated. 

BROMINE  (Br). 
At  Wt.  =  80.— Sp.  Gr.  =  3. 

156.  Bromine  is  a  deep  brownish-red,  heavy,  and  very  vola- 
tile liquid.  Its  name  is  derived  from  the  Greek  word  ^p&fios^ 
signifying  a  disagreeable  odour.  Bromine,  at  common  tempe- 
ratures, emits  yellowish-red  fumes,  which  have  a  penetrating  and 
offensive  odour,  resembling  that  of  chlorine.  It  produces  a 
yellow  colour  with  starch. 

Iodine  and  bromine  have,  in  their  relations  to  other  bodies, 
the  greatest  similarity  to  chlorine.  Like  chlorine,  they  possess 
a  strong  affinity  for  hydrogen,  and  form  with  it  acids ;  they  also 
combine  with  the  metals  forming  protiodides  and  period  ides, 
protobromides  and  perbromides,  which  have  all  the  properties 
of  salts.  If  a  polished  silver  plate  be  held  over  the  fumes  of 
iodine  and  bromine,  it  is  coloured,  first  yellow,  then  violet,  and 
then  blue,  owing  to  these  vapours  combining  with  the  ^Iver. 
This  film  of  iodide  and  bromide  of  silver  is  decomposed  almost 
instantaneously  in  the  light,  slowly  in  the  shade,  and  not  at  all 
in  the  dark.  On  this  property  is  founded  the  Daguerreotype 
process.  Iodine  and  bromine  are  also  used  in  medicine  for  dis- 
pelling tumors  and  goitres,  and  in  the  treatment  of  scrofula,  drc. 

Both  of  these  two  substances  are  faithful  companions  of 
chlorine ;  wljerever  common  salt  occurs,  whether  in  the  earth, 
the  sea,  or  mineral  springs,  small  quantities  of  them  are  present, 
not  in  a  free  state,  however,  but  combined  with  metals.  The 
different  sea-weeds  attract  these  combinations  itom  the  sea- 
water,  and  from  these  sea-weeds  iodine  and  bromine  are  ex- 
tracted.    Both  of  these  bodies  have  poisonous  properties.- 
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FLUOBIKE  (Fl). 

At  W>  =:  19. 

fluorine  is  likewise  an  element  having^  similar  properties  to 
chlorine,  but  it  is  unknown  in  its  isolated  state.  The  mineral 
known  as  fluor-spar,  crystallising  in  tubes,  consists  of  fluorine 
and  calcium. 

CTANOGEK  (Cg  N  Or  Cy). 

At.  Wt.  =  26.— Sp.  G.  =  1.8. 

157.  Trtissian-blue,  universally  used  as  a  pigment,  consists 
of  iron,  carbon,  and  nitrogen.  But  both  the  two  latter  sub- 
stances are  so  closely  combined  with  each  other,  that  they  may 
be  regarded  as  one.  The  most  striking  thing  in  this  combina- 
tion is,  that,  although  a  compound,  it  combines  with  other  ele- 
ments, excustly  in  the  same  manner  as  though  it  were  itself 
an  element.  For  this  reason,  under  the  name  eyanogeny  it  is 
here  included  among  the  elements.  It  forms  an  exception  to 
the  previously  mentioned  rule,  that  simple  bodies  can  oidy  com- 
bine with  simple,  and  compound  only  with  compound  bodies. 
Cyanogen  comports  itself  towards  odier  bodies  in  a  manner 
similar  to  that  of  chlorine^  iodine^  bromine,  and  fluorine  ; 
it  is  gaseous,  and,  like  these,  forms  with  hycbogen  an  acid— 
the  poisonous  prussic  acid,  and,  like  them,  also  unites  with 
metals,  forming  protocyanides  and  percyanides.  The  com- 
pounds of  cyanogen  have  likewise  the  characters  of  salts.  The 
combination  of  cyanogen  with  iron,  as  already  stated,  is  of  a 
beautiful  blue  colour,  and  hence  the  name  cyanogen,  from  the 
Greek  word  Kvayosy  blue. 


The  five  metalloids,  chlorine,  iodine,  bromine,  fluorine,  and 
cyanogen,  are  characterised  as  follows : 

1.  They  have  a  far  greater  affinity  for  hydrogen  than  for 
oxygen.  They  combine  with  the  latter  only  on  compulsion 
(oxygen  acids). 

2.  Their  combinations  with  hydrogen  are  acids  (hydrogen 
acids). 

3.  Their  combinations  with  the  metals  are  salts.  These 
salts  are  called  haloid  salts,  to  distinguish  them  from  the  com- 
mon or  oxygen  salts,  which  consist  of  an  acid  and  a  base. 
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On  account  of  this  latt^  peculiarity  these  elements  have 
heen  called  halogens,  or  salt  producers. 

BETROSPECT  OF  THE  HALOGENS  (CHLOBINE,  IODINE,  BBOMINE, 
FLUOBINE,  AND  CYANOGEN). 

1.  Crystals  may  he  formed,  1st,  horn  a  solution,  either  hy 
cooling  (saltpetre),  or  hy  eyaporation  (common  salt);  2Qa, 
from  a  melted  fluid,  hy  congelation  (sulphur);  and,  3rd,  ^m 
vapour,  when  it  hecomes  solid  immediately  on  cooling  (snow, 
iodine). 

2.  The  crystallised  or  reg^nlariy  formed  hodies  are  the  reyerse 
of  the  amorphous  hodies,  in  which  no  definite  form  is  to  he 
perceiyed  (vitreous  and  pulyerulent  hodies).  Many  hodies  can 
assume  two,  or  eyen  seyeral,  different  forms,  and  are  then 
called  dimorphous  or  polymorphous  hodies  (charcoal,  sul- 
phur). 

3.  Water  can  dissolve,  not  only  solid,  hut  gaseous  hodies ; 
£c>r  instance,  chlorine,  sulphuretted  hydrogen,  &c.,  and  the 
more  of  them  the  colder  it  is. 

4.  Not  only  heat,  hut  light  also,  may  effect  cir  destroy  chemi- 
cal comhinations. 

5.  A  hody  has  a  greater  inclination  to  comhine  with  another 
hody  at  the  very  moment  when  it  is  separated  from  a  comUna- 
tion  (nascent  state). 

6.  There  are,  also,  hy  way  of  exception,  compound  hodies, 
which,  just  as  if  they  were  chemical  elements,  can  comhine 
with  simple  hodies  (cyanogen). 

POUETH  GBOUP  OP  METALLOIDS :   HTALOGENS. 

BORON  (Bo), 

At.  Wt.  =»  11,  and 
snjooH  (Si), 

At  Wt.  =  21. 

158.  Both  of  these  substances  occur,  in  nature,  only  in 
combiuation  with  oxygen  ;  horon  but  seldom,  as  in  horacic 
acid  or  borax ;  and  silicon  very  abundantiy,  as  in  sand,  quartz, 
and  almost  all  other  stones.  The  word  silicon  is  derived  fix>m 
the  Latin  sHea,  flint;  hence  its  symbol.  Si.  Boracic  and 
siHcic  acids  form,  with  many  bases,  amorphous  salts  (glass, 
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slag,  glaze);  for  this  reason,  boron  and  silicon  may  be  called 
hyahgens  or  glass  producers, 

RETROSPECT  OF   THE  NON-METALLIC  BODIES,  OR  METALLOIDS. 

1.  The  thirteen  substances  now  treated  of  are  called  non- 
metallic,  bodies,  or  metalloids,  because  they  do  not  possess  a 
metallic  appearance. 

2.  Heat  and  electricity  pass  through  them  very  slowly  ; 
they  are  bad  conductors  of  heat  and  electricity.  The  metals, 
on  the  contrary,  which  give  rapid  transit  to  those  forces,  are 
good  conductors. 

3.  On  decomposition  by  galvanism,  the  metalloids  always 
separate  at  the  positive  pole  (the  zinc  side),  and  the  metals  at 
the  negative  pole.  As  the  positive  pole  only  attracts  bodies 
endowed  with  the  opposite  or  negative  electricity,  and  the 
negative  pole  only  those  endowed  with  positive  electricity,  so 
the  metalloids  are  called  electro-negative  hodiea,  and  the  metals 
electro-positive  bodies. 

4.  Almost  all  the  metalloids  combine  with  hydrogen,  but,  as 
a  general  rule,  the  metals  do  not.  Some  of  the  hy<hx)gen  com- 
binations have  acid  properties  (hydrogen  acids). 

5.  In  the  same  manner,  the  metalloids  combine  with  oxygen, 
forming  acid-oxides  or  ocoygen  acids.  The  metab  also  combine 
with  oxygen,  but  forming  mostly  oxides  or  bases. 

6.  The  following  are  the  states  of  aggregation  of  the  metal- 
loids at  the  ordinary  temperature  : 

7  metalloids,  soUd:  C,  S,  P,  Se,  I,  B,  SL 

1        "  fluid:  Br. 

6        "  gaseous :  0,  H,  N,  CI,  (Cy). 

7.  They  form  four  families  or  groups,  founded  on  their  resem- 
blance to  each  other : 

Ist  group,  Organogens,  animal  and  plant  producers:  0,  H,  N,  G. 
2nd    "      Pyrogens,  fire  producers :  S,  P,  Se. 
3rd     "      BLalogens,  salt  producers:  CI,  I,  Br,  Fl,  (Cy). 
4th    **      Hyalogens,  glass  producers :  Bo,  Si. 
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ACIDS. 


FIBST  GROUP:  OXYGEN  ACIDS,  OR  COMBINATIONS  OF  THE 
METALLOIDS  WITH  OXYGEN. 

NITBOG£N  AND  OXYGEN. 

1.)  Nitric  acid,  or  aquafortis  (H  O,  N  Oj). 
159.  Experiment — Introdoce  into  a  small  retort  half  an 
ounce  of  powdered  saltpetre  and  half  an  ounce  of  common  sul- 
phuric acid,  and  let  the  retort  stand  erect  for  some  time,  in 

order  that  as  much  as  pos- 
'^"     *  sible  of  the  sulphuric  acid 

remaining  in  the  neck  may 
flow  down  into  the  retort. 
Then  surround  the  latter 
with  sand  contained  in  an 
iron  vessel,  adapt  to  the  beak 
of  it  a  receiver,  wrap  round 
the  joint  some  strips  of  mois- 
tened blotting-paper,  and 
heat  gently.  In  a  short 
time  a  yellowish  fuming  fluid  passes  over  into  the  receiver, 
which  is  placed  in  a  vessel  filled  with  water,  and  must  frequently 
be  sprinkled  with  cold  water ;  this  fluid  is  heavier  than  water,, 
and  is  called  nitric  acid. 

Saltpetre  is  a  salt,  consisting  of  nitric  acid  and  a  base.  The 
base  is  called  oxide  of  potassium,  or  more  briefly  potassa,  and 
has  for  its  symbol  K  O.  Sulphuric  acid  is  a  stronger  acid  than 
nitric  acid;  that  is,  it  has  a  greater  affinity  than  the  latter  for 
potassa;  it  therefore  expels  the  nitric  acid,  wluch,  by  the  appli- 
caticm  of  heat,  is  converted  into  vapour,  but  is  condensed  again 
in  the  receiver  as  a  fluid.     A  quarter  of  an  ounce  of  sulphuric 

acid  would,  indeed,  have  been 
I  Vola^e.  sufficient  to  expel  all  the  nitric 
acid,  but  the  process  is  con* 
ducted  much  more  easily  when 
vobSe.  double  the  quantity  is  em- 
ployed. This  explains  why 
the  saline  residuum  left  in  the  retort  has  still  a  very  acid 
taste ;  it  is  called  ^tsulphate  of  potassa.    If  only  one-half  of 

I 
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the  sulphuric  acid  liad  been  employed,  neutral  sulphate  of 
potassa  would  have  remained  behind. 

Nitric  acid  has  the  same  constituents  as  common  air,  but 
in  different  proportions.  The  air  contains  for  every  four 
measures  of  nitrogen  one  measure  of  oxygen ;  nitric  acid, 
on  the  contrary,  contains  ten  times  more  of  the  latter  ele- 
ment ;  consequently,  for  every  four  measures  of  nitrogen, 
ten  measures  of  oxygen ;  or,  what  is  the  same  thing,  for 
every  two  measures  of  N  (1  atom),  five  measures  of  O 
(5  atoms).  These  two  gases  are  only  mechanically  mixed 
together  in  the  air,  but  in  the  nitric  acid,  on  the  contrary, 
they  are  chemically  combined.  This  is  a  striking  example 
how  wonderfully  the  properties  of  bodies  change,  when  they 
chemically  combine  with  each  other.  When  mechanically 
mixed  together,  the  constituents  of  nitric  acid  form  a  life- 
sustaining  gas,  while,'  when  chemically  combined,  they  form 
one  of  the  most  corrosive  fluids. 

It  might,  perhaps,  be  supposed  that  nitric  acid  could  be 
formed  more  directly  aud  simply  &om  the  air;  but  thia 
cannot  be  done,  because  the  inert  nitrogen  will  not  volunta- 
rDv  combine  with  oxygen;  this  combination  can  only  be 
eflfected  by  a  circuitous  method,  which  will  be  described 
hereafter. 

The  strongest  nitric  acid  contains  in  every  pound  two  and 
a  quarter  ounces  of  water,  or  in  each  atom  of  acid  one  atom 
of  water,  without  which  latter  it  cannot  exist ;  if  this  is 
withdrawn  from  it,  it  is  resolved  into  oxygen  and  a  lower 
oxygen-compound  of  nitrogen.  Many  other  bodies,  espe- 
cially orgamc  bodies,  behave  in  a  sunilar  manner.  This 
water  has  been  called  water  of  constitution,  denoting  thereby 
that  it  is  indispensably  necessary  to  the  constitution — to  the 
existence — of  the  bodies  referred  to.  The  water  of  crystal- 
lisation is  necessary  only  to  the  continuance  of  thej^wwand 
shape  of  the  crystws.  The  crude  nitric  acid  of  commerce, 
which  is  commonly  prepared  in  large  iron  cylinders,  con- 
tains, perhaps,  from  ten  to  twelve  ounces  of  water  in  the 
pound ;  consequently  it  is  three  or  four  times  weaker  than 
the  above. 

160.  Experiments  with  Nttrie  Acid, 

Experiment  a. — ^A  drop  of  nitric  acid  is  sufficient  to  acidify 
several  spoonfuls  of  water,  and  even  at  a  greater  dilution  it 
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will  redden  blue  litmus-paper :  nitric  acid  is  accordingly  dis- 
tinctly characterised  as  an  acid, 

Experiment  b. — The  well-known  volatile  alkali,  more  cor- 
rectly called  ammonia,  may  serve  as  the  antithesis  to  the 
acids.  It  has  fui  alkaline  taste,  has  no  action  on  blue  test- 
paper,  but  turns  red  test-paper  blue;  it  has  the  character 
of  a  hose.     Its  exceedingly  pungent  odour  is  also  remarkable. 

Uaperiment  c, — ^Add  carefully,  and  by  drops,  some  nitric 
acid  to  half  an  ounce  of  ammonia,  until  the  colour  of  red  or 
blue  test-paper  remains  unchanged  by  it.  When  this  point 
is  attained,  you  will  no  longer  perceive  either  the  acid  or  the 
alkaline  taste  or  smell.  The  taste  has  become  saline,  the 
smell  has  vanished.  This  process,  as  already  mentioned,  is 
called  neutralisation.  Upon  evaporating  the  solution  a  white 
salt  remains  behind,  nitrate  of  ammonia.  By  appropriate 
means,  the  nitric  acid,  as  well  as  the  ammonia,  may  be  again- 
Hberated  from  this  salt. 

It  is  characteristic  of  all  acids,  that  thet/  combine  toith  bases, 
forming  entirely  new  bodies,  called  salts,  and  thus  lose  their 
acid  properties. 

Uaperiment  d, — ^If  lead  be  heated  for  a  long  time  in  the  air 
it  abstracts  oxygen  from  it,  and  becomes  converted  into  a 
reddish-yeUow  powder,  called  oxide  of  lead,  or,  popularly, 
litharge.  Take  up  a  small  portion  of  this  litharge  on  the 
point  of  a  knife,  put  it  into  a  test-tube,  and  add  some  nitric 
acid.  The  greater  part  will  be  dissolved  by  gentle  heating. 
Filter  the  solution  while  warm,  and  put  it  in  a  cold  place ;  a 
salt  will  be  deposited  from  it  in  white  brillant  crystals ;  this 
is  nitrate  of  oxide  of  lead.  This  shows  that  oxide  of  lead  is 
also  a  base,  as  it  combines  with  acids  forming  salts.  This 
salt  is  soluble  in  pure  water. 

Nitric  acid  dissolves  most  of  the  metallic  oxides,  and  forms 
with  them  salts,  all  of  which  are  soluble  in  water.  For  this 
reason,  nitric  acid  is  often  used  for  cleaning  metals,  for  in- 
stance, copper  and  brass  instruments,  which,  during  the  pro- 
cess of  annealing,  soldering,  &c,,  have  become  covered  with  a 
coating  of  oxide. 

Experiment  e. — ^Pour  over  some  shot  common  nitric  acid, 
slighfly  diluted  with  water ;  a  solution  is  also  effected  in  this 
instance,  but  it  is  accompanied  by  the  evolution  of  a  yellowish- 
red  vapour  of  a  suffocating  smell.    This  vapour  is  called' 

i2 
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nitrous  add,  and  contains,  as  its  name  implies,  less  oxygen 
than  nitric  acid.  The  missing  oxygen  has  united  with  the 
lead,  and  has  converted  it  into  an  oxide.  Part  of  the  nitric 
acid  is  decomposed,  while  another  part  of  it  combines  with 
the  oxide,  and  forms  the  same  salt,  as  in  the  former  experts 
ment.  This  likewise  ciystallises  &om  its  solution,  if  it  is 
evaporated  until  a  film  forms  on  its  surface. 

In  this  case  nitric  acid  exerts,  as  we  see,  a  double  action ; 
it  first  oxidises  the  lead,  and  then  combines  with  the  oxide 
formed.  The  lead  is  apparently  dissolved,  but  it  is  obvious 
that  this  is  quite  a  different  kind  of  solution  fix)m  that  of 
common  salt  or  sugar  in  water.  The  salt  and  sugar  are  un- 
changed in  the  solution,  while  the  lead  is  not  contained  in 
the  liquid  as  a  metal,  but  as  a  salt,  a  nitrate.  The  same 
thing  occurs  with  all  other  metals  wluch  are  soluble  in  nitric 
acid ;  as,  for  example,  with  sflver,  mercury,  copper,  iron,  &c. 
Gk)ld  is  not  dissolved  by  it ;  hence  it  may  be  separated  from 
silver  by  means  of  nitric  acid. 

Experiment  f. — ^The  metalloids,  as  well  as  the  metals,  are 
oxidised  by  nitric  acid ;  charcoal,  on  being  boiled  in  it,  be- 
comes carbonic  acid;  sulphur,  sulphuric  acid;  phosphorus, 
phosphoric  add ;  &c.  In  all  these  cases  yellowish-red  fumes 
of  nitrous  acid  are  evolved. 

Experiment  a, — Organic  substances  also^  as  wool,  feathers, 
wood,  indigo,  &c.,  are  oxidised  and  decomposed  by  heating 
them  with  nitric  acid.  This  sort  of  decomposition  may  be 
regarded  as  combustion  in  the  moist  way.  If  organic  sub- 
stances are  fdlowed  to  remain  for  a  short  time  only  in  contact 
with  this  add,  they  will  assume  a  yellow  colour,  owing  to  the 
evolution  of  nitrous  add.  In  this  manner  wood  may  be 
stained,  and  silk  may  be  dyed  ;;^ellow ;  the  hands  and  dothes 
are  also  stained  yellow  by  nilaic  add.  Cotton  under^^oes  a 
most  remarkable  change  if  soaked  for  a  short  time  in  tiie 
ttrongest  nitric  add ;  it  will  then  detonate  and  explode,  like 
gunpowder,  only  far  more  violently.  (§  488.)  Strong  nitrie 
acid  is  partially  decomposed,  and  coloured  yeUow,  by  tiie 
rays  of  tne  sun. 

If  you  colour  some  water  blue  in  a  test-tube  with  one  drop 
of  solution  of  indigo  (§  173),  and  add  to  it  on  boiling  one 
drop  of  nitric  add,  the  blue  colour  will  disappear.  Tms  re-< 
action  serves  for  the  detection  of  nitric  acid. 
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Nitric  acid,  as  the  j)recedm^  experiments  show,  is  very 
eoHly  decomposed,  and  with  the  liberation  of  oxygen,  which,  in 
tiie  nascent  state,  has  the  greatest  desire  to  combine  again 
with  other  bodies.  It  is,  owing  to  tiiis  property,  one  of  the 
most  importasit  means  of  oxidation, 

JExperiment  h, — ^The  nitrates,  also,  are  easily  decomposed. 
Having  powdered  some  of  the  nitrate  of  lead,  obtained  in 
experiment  d  or  «,  throw  it  njpon  a  red-hot  coal ;  decomposi- 
tion will  ensue,  with  the  emission  of  sparks,  and  globules  of 
metallio  lead  will  remain  beyond.  Tne  nitric  acid  is  here 
completely  resolved  into  nitrc^en  and  oxygen ;  the  latter, 
as  well  as  the  oi^gen  of  the  oxide  of  lead,  combines  with  the 
coal,  forming  carbonic  acid,  which,  together  with  the  nitrogen 
that  has  become  gaseous,  quickly  escapes  and  occasions  the 
emission  of  sparto.  This  sudden  evolution  of  gases  from  a 
solid  body  is  called  detonation, 

2.)  mtrou8  Acid  (N  O3). 

161.  This  acid  is  always  produced  as  a  disagreeable 
aecondary  product  from  nitric  acid,  when  this,  as  in  the 
previous  experiment,  is  employed  for  dissolving  or  oxidising 
metals  or  other  substances.  At  the  common  temperature  it 
forms  a  reddish-yellow  suffoeati/ng  vapour,  which  at  a  very 
low  temperature  may  be  condensed  into  a  blue  liquid.  As 
the  inhalation  of  these  vapours  is  injurious  to  the  lungs, 
experiments  performed  with  this  acid  should  always  be  so 
arranged  that  they  may  be  carried  off  by  a  draught. 

Frnvi/ng  Nitric  Add, — ^Nitric  acid  will  dissolve  large  quan- 
tities of  the  above-mentioned  nitrous  acid  vapour,  and  is 
thereby  converted  into  a  reddish-yeUow  liquid,  which  in  open 
vessels  gives  off  the  same  coloured  fumes.  It  is  then  caiUed 
fumi/ng  nitric  acid  (N  O3  +  N  Os).  On  dilution  with  water 
it  becomes,  first  green,  then  blue,  and  finally  colourless,  while 
the  nitrous  acid  escapes. 

3.)  Nitric  Oxide  (N  O,). 

162.  Mmervment, — Pour  over  a  tal^enny,  placed  in  a 
wide-moutned  bottle,  a  little  water,  and  then  add  by  degrees 
some  nitric  acid,  until  a  brisk  effervescence  ensues.  This 
effervescence  is  caused  by  the  evolution  of  a  gas,  which  must 
be  collected  in  a  jar  of  white  glass  over  the  pneumatic 
trough.  It  is  called  nitric  oxide,  and  consists  of  two  mea- 
sures (1  at.)  of  nitrogen  and  two  measures  (2  at.)  of  oxygen. 
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Fig.  88. 


Close  the  mouth  of  the  jar 
under  water;  it  seems  to  be 
empty,  for  the  nitric  oxide  is 
colourless ;  but  if  the  jar  be 
opened,  and  air  be  carefully 
blown  in,  then  the  jar  becomes 
filled  from  above  downwards 
with  yellowish-red  vapours.  The 
nitric  oxide  takes  thereby  from 
the  air  one  atom  of  o^gen,  and 
is  converted  into  nitrous  acid,  and  N  Oj  becomes  ISl  Oj.  On 
account  of  this  property,  it  has  an  important  application  in 
the  preparation  of  common  sulphuric  acid.  (§  172.)  It  is 
here  formed  from  nitric  acid,  because  the  copper  withdraws 
from  it  three  atoms  of  oxygen,  and  becomes  an  oxide,  which 
combines  with  undecomposed  nitric  acid,  forming  nitrate  of 
the  oxide  of  copper.  This  salt  is  obtained  in  blue  crystals 
by  evaporating  the  solution  of  the  halfpenny. 

163.  4.)  Nitrous  Oxide  (N  0)  is  a  combination  of  two 
measures  (1  at.)  of  nitrogen  with  one  measure  (1  at.)  of 
oxygen ;  it  is  a  colourless  gas,  which,  when  inhaled,  has  an 
intoxicating  effect,  and  is  c^ed  also  laughing  gas.  This  gas 
may  be  regarded  as  atmospheric  air,  containing  double  its 
usual  amount  of  oxygen. 


By  the  following  table  it  will  be  seen  that  both  the  volumes^ 
and  the  weights  of  the  constituents  of  the  four  compounds 
just  treated  of  are  in  regular  proportion : 


In  Weight, 


In  Volume, 


14  N.  with  40  0,  or  2  vols.  (1  at.)  N.  with  5  vols,  (at)  0,  to  N  Os. 

14—     "    24—"    2  "     (lat.)—     "    3    "       "  —   "  N  Os. 

14—     «    16  —  "    2"     (lat.)—     «    2    "       "  —  "NOj. 

14  —     "      8—^2"     (1  at.)  —     "    1    "      "  —  "  N  0. 

By  one  measure  or  atom  of  oxygen  (0)  is  here  meant  8 
ounces,  grains,  &c.,  in  weight.  On  the  other  hand,  by  two 
measures  or  one  atom  of  nitrogen  (N)  is  meant  a  quantity 
in  weight  of  14  ounces,  grains,  &c. 
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CABBOK  AND  OXYGEN. 

1.)  Carbonic  Acid,  ovjixedair  (C  O2). 
164.  It  has  already  been  shown,  when  treating  of  carbon, 
that  coal  and  all  our  combustible  substances  form,  during 
brisk  combustion,  carbonic  acid  (§  115),  and  that  this  gas 
may  be  detected  by  lime-water,  which  is  thereby  rendered 
turbid,  owing  to  the  formation  of  an  insoluble  salt,  carbonate 
of  lime.  Chalk,  limestone,  and  marble  are  also  carbonates  of 
lime,  and  from  them  carbonic  acid  may  be  prepared  in  large 
quantities. 

Fig.  89.  JExperiment, — Pour  into   an 

eight  ounce  bottle  half  an  ounce 
of  nitric  acid  and  half  an  ounce 
of  water,  and  then  add  some 
pieces  of  chalk  or  limestone. 
Adapt  to  the  bottle  a  bent  glass 
tube,  and  conduct  the  gas,  which 
escapes  with  effervescence,  into 
ajar  placed  over  the  pneumatic 
trough,  and  collect  it,  as  was 
The  stronger  nitric  acid  expels 
the  feebler  carbonic  acid,  wnile 
VolatUe.  it  combines  with  the  base,  lime 
(Ca  0).  The  nitrate  of  lime 
formed  (Ca  0,  N  O5)  is  a 
soluble  salt;  therefore  there 
remains  in  the  bottle  a  clear  liquid,  from  which,  by  evapora- 
tion, the  nitrate  may  be  obtained  in  a  solid  form. 

lixperiment. — ^Eepeat  the  experiment,  but  instead  of  nitric 
acid  take  half  an  ounce  of  sulphuric  acid  (S  Oa),-  carefully 
diluted  with  two  ounces  of  water  (§  84)  ;  you  will  obtain  car- 
bonic acid  and  sulphate  of  lime.     The  liquid  in  this  case  does 

not  become  clear,  since  the  sul- 
VoUtile.  phate  of  lime  (Ca  O,  S  O3)  is  a 
salt  difficult  to  dissolve  ;  it  is  the 
same  substance  as  that  com- 
monly called  gypsum,  or  plaster 
of  Paris.  Having  finished  the  experiment,  collect  and  dry 
the  sulphate  of  lime,  and  preserve  it  for  future  experiments. 
The  last  two  experiments  are  obvious  examples  of  simple  elec- 
tive affinity. 


Non- 
Volatile. 


Non- 
Volatile. 
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Uojperiment — ^Add  some  sulplitiric  acid  to  the  nitric  acid 
solution  of  the  first  experiment ;  the  clear  liquid  wiU  become 

thick  and  tur bid,  sulphate  of 
^%    lime  being  likewise  formed,  be- 
floluble.    ^^g3  sulphuric  acid,  whicii  is 
Difficnltly  Sponger  than  the  nitric  acid, 
soluble,    expels  the  latter,  and  combines 
with  the  lime. 
165.  JExpervmenU  with  Carbonic  Add. 
Experiment  a, — ^If  moistened  blue  test-paper  is  exposed  to 
carbonic  acid  it  is  reddened,  but,  on  being  left  in  the  air  f<nr 
some  time  the  blue  colour  is  restored ;  carbonic  acid  is  a  volch 
tile  add, 

ilg.  90.  JExperiment  h. — A  burning  taper  is  extinguished 
when  held  in  carbonic  acid,  and  it  is  fatal  to  men 
and  animals  if  they  inhale  it.  Carbonic  acid  gas 
can  ndther  support  comXmgHon  nor  We, 

Experiment  c, — ^Invert  a  jar  fillea  with  carbonic 
acid  over  one  containinpj  only  atmospheric  air ;  if 
after  some  moments  you  introduce  into  each  of  these 
jars  a  burning  taper,  that  in  the  upper  vessel  will 
continue  to  bum,  while  that  in  the  lower  one  will  be 
extinguished.  Carbonic  acid  is  AeaiTter  than  common 
air ;  it  has  sunk  into  the  lower  jar,  while  tbe  jrtano- 
spheric  air  has  ascended  into  the  u^per  one.  If  a 
bottle,  filled  with  carbonic  acid,  te  held  wi&  its 
mouth  obliquely  oyer  the  flame  of  a  lamp,  so  that  the 
gas  can  flow  out,  the  light  will  be  extinguished. 

Experiment  d, — ^Eepeat  the  experiment  with  the  two  jars, 
filling,  instead  of  the  upper  one,  the  loioer  one  with  carllonic 
acid.  If,  after  some  hours,  you  add  lime-water  to  both  of  the 
jars,  and  shake  them,  you  will  obtain  in  both  of  them  a  pre- 
cipitate of  carbonate  of  lime, — a  proof  that  the  carbonic  acid 
has  partly  ascended  into  the  upper  jar.  Both  gases  have  be- 
come intimately  mixed,  or  the  carbonic  acid,  though  heavier, 
has  ascended,  and  the  common  air,  though  lighter,  has  dif^iaed 
itself  downwards.  This  voluntary  mixing  of  the  diffisrent 
kinds  of  gases  together  is  called  diffusion  qf  gases.  This  cKf- 
fiision  of  gaseous  bodies,  since  it  maintains  a  constant  equality 
and  balance  of  the  constituents  of  the  atmosphere,  is  of  great 
importance  in  the  economy  of  nature,  and  accounts  for  the 
fact  that  the  constitution  of  the  air  is  everywhere  nearly  uni- 
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form,  although  in  one  place  free  oxygen  is  withdrawn  from  it, 
and  in  another  place  carbonic  acid  is  added  to  it. 

Eccperiment  e, — ^Fill  a  bottle  containing  carbonic  acid  half 
ftdl  of  pure  water,  close  it  with  the  finger,  and  shake  it ;  the 
water  takes  up  the  carbonic  acid,  and,  as  a  vacuum  is  formed, 
the  finger  is  pressed  into  the  mouth  of  the  bottle  by  the  ex- 
ternal air.  Carbonic  acid  gas  v^soliMe  in  vnUer;  one  measure 
of  the  latter  will  dissolve  one  measure  of  carbonic  acid,  but 
twice  as  much  when  subjected  to  pressure ;  it  thereby  ac- 
quires an  acid  taste,  and  the  property  of  effervescing.  Such 
^waters  ooze  out  from  the  earth  in  many  places  ;  for  mstance, 
at  Selters  and  BHin,  and  they  are  used  for  their  medicinal 
qualities,  under  the  name  of  carbonated  waters.  They  are  now 
i\ao  prepared  artificially.  Erom  this  it  appears  that  carbonic 
aeid  is  innocent  when  taken  as  a  drink,  but  is  injurious  when 
inhaled.  The  effervescence  of  bottled  beer  and  champagne  is 
owing  to  carbonic  acid,  which  is  formed  during  the  fermen- 
tation of  these  liquors,  and  kept  confined  in  the  bottles  by 
corking  them. 

Experiment  f.  —  Throw  a  piece  of  chalk  into  vinegar ; 
▼inegar  is  one  of  the  weakest  acids,  yet  it  is  able  to  expel 
carbonic  acid.  This  escapes  with  effervescence.  Carbonic 
acid  is  a  very  feeble  acid,  because  it  has  a  very  great  inclina- 
tion to  become  gaseous. 

Formerly  carbonic  acid  was  only  known  in  its  gaseous 
state ;  but  in  recent  times  it  has  been  converted  into  a  U^md, 
by  sfepong  compression  at  a  low  temperature.  This  bquid 
evaporates  with  such  great  rapidity,  that  a  cold  of  nearly 
— ^212°  ^.  (—100°  C.)  is  produced.  (§  40.)  By  this  means 
chemists  have  lately  succeeded  in  rendering  carbonic  acid  a 
solid.    It  then  has  the  appearance  of  snow  or  ice. 

166.  JExperiment, — ^To  be  perfectly  convinced  that  carbon 
.  is  containett  in  the  colourless  car- 

^^^^^^^^^^^  bonic  acid  gas,  take  a  test-tube, 
break  the  bottom  of  it, 'and  adapt 
to  it,  by  means  of  a  perforated  cor«, 
a  glass  tube,  and  connect  it  with  a 
bottle  in  which  carbonic  acid  is 
evolved.  (§  164.)  Introduce  into 
the  test-tube  a  piece  of  potassium 
of  the  size  of  a  pea,  previously  dried 
between  blottmg-paper,  and  heat 
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tlie  place  where  it  lies  witli  a  lamp.  FotaBsium  is  a  metal 
very  similar  to  sodium,  and  has,  like  it,  an  eitraordinaiy 
affinity  for  oxygen ;  at  the  degree  of  heat  produced  by  the 
lamp,  it  is  enabled  to.  withdraw  the  oxygen  from  the  carbonic 
acid  which  passes  oyer  it.  This  takes  place,  and  oxide  of 
potassium,  or,  more  simplj,  potassa  (K  0),  is  formed,  one  of 
the  strongest  bases,  which  immedmtely  combines  with  a 
portion  of  the  acid  present,  forming  carbonate  of  potassa. 
This  is  coloured  black  by  the  separation  of  carbon.  If  you 
put  the  test-tube,  containing  the  black  saline  mass,  into  a 
wide-mouthed  bottle,  in  which  there  is  some  water,  the  car- 
bonate of  potassa  will  dissolye,  but  the  carbon  will  float 
mechanically  in  the  solution,  and  may  be  collected  on  a  filter. 
The  liquid  has  a  basic  reaction,  since  the  feeble  carbonic  acid 
is  not  able  fully  to  neutralise  the  alkaline  properties  of  so 
strong  a  base  as  potassa.  The  presence  of  carbonic  acid  is 
proyed  by  the  efferyescence  produced  on  the  addition  of  an 
acid. 

Carbonic  acid  consists  of  one  atom  of  carbon  and  two 
atoms  of  oxygen,  and  has  consequently  the  formula  C  O,. 
Bjr  weight,  then,  6  ounces  or  grains  of  carbon  are  united 
with  16  ounces  or  grains  of  oxygen ;  accordingly,  one  atom 
of  carbon  is  equal  in  weight  to  6  ounces,  grains,  &c.i  of 
carbon. 

167.  Carbonic  acid  is  eyerywhere  unceasingly  generated, 
and  especially, — 

a.)  In  those  regions  of  the  earth  where  yolcanoes  are 
actiye,  or  probably  were  actiye  in  a  former  age.  It  is  ge- 
nerated at  the  Grotto  del  Cane,  near  Naples, — at  Pyrmont, 
in  "Westphalia, — and  in  the  neighbourhood  of  the  Lake  of 
Laache,  &c. ;  and  it  oozes  in  a  constant  current  from  yarious 
crevices  in  different  parts  of  the  ecM^h. 

h.)  In  all  ordinary  combustions,  as  has  already  been  men- 
tioned seyeral  times. 

<?.)  In  the  respiration  of  men  and  animals,  as  may  easily 
be  proyed  by  blowing  the  air  coming  from  the  lungs  througn 
a  ^ass  tube  into  lime-water ;  carbonate  of  lime  is  formed, 
wmch  renders  the  clear  liquid  turbid.  "We  inhale  oxygen ; 
this  combines  in  our  bodies  with  carbon,  and  is  again  exhaled 
as  carbonic  acid;  therefore,  in  those  crowded  apartments 
where  many  people  congregate,  or  where  many  lights  are 
burning,  some  arrangement  should  be  made  by  which  the 
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yitiated  air — ^that  is,  air  ricli  in  carbonic  acid,  ma^  be  oon^ 
ducted  off,  and  be  replaced  by  fresh  air — that  is,  air  rich  in 
oxygen.    This  is  accomplished  by  means  of  artificial  currents 
.  of  air,  or  ventilation. 

d.)  In  the  fermentation  which  occurs  in  the  making  of 
wine,  beer  and  spirit.  In  this  process  the  sugar  is  resolved 
into  alcohol  and  carbonic  acid ;  the  former  remains  in  the 
liquor,  and  imparts  to  it  its  intoxicating  power,  while  the 
carbonic  acid  escapes  in  the  air. 

e.)  In  the  decay  and  putrefaction  of  all  animal  and  vege^ 
table  substances.  Carbon  is  contained  in  all  organic  bodies ; 
during  decay  it  is  gradually  converted  by  the  oxygen  of  the  air 
into  carbonic  acid ;  hence,  wherever  plants  and  animals  exist, 
whether  upon  the  earth,  in  the  sea,  or  in  the  air,  carbonic 
acid  must  be  formed. 

All  the  carbonic  acid  thus  formed  is  received  into  the  air. 
Did  it  remain  there,  however,  the  air  would  become  gradually 
deteriorated,  more  especially  as,  in  the  processes  of  breathing, 
combustion,  and  decfiy,  free  oxygen  or  vital  air  is  taken  from 
it.  But  this  is  not  the  case.  The  oxygen  does  not  decrease. 
The  carbonic  acid  does  not  increase.  An  inscrutable  wisdom 
has  appointed  the  vegetable  kingdom  as  the  protector  of 
animal  life,  and,  with  wonderful  simplicity,  has  provided  that 
plants  should  absorb  from  the  air,  as 
^^^^^^^  their  principal  means  of  support^  the 
■■■""■■"■""■  carbonic  acid  exhaled,  as  useless,  by 
men  and  animals,  and  should  yield 
oxvgen  to  them  in  return.  Plants  in- 
hale carbonic  acid,  and  (during  the  day) 
exhale  oxygen. 

Lime-water  (§115)  serves  for  the  detection  of  carbonic 
acid.  You  may  infer  the  presence  of  carbonic  acid  in  solid 
bodies,  if  an  effervescence  unattended  with  odour  is  occa- 
sioned by  dropping  muriatic  acid  upon  them. 

2.)  darhonic  Occide  (C  0)  has  already  been  treated  of. 
(§110.) 

StJLPHUB  AND  OXYGEN. 

1.)  Sulphiuric  Acid  (S  Oa), 

168.  What  iron  is  to  the  machinist,  sulphuric  acid  is  to 
the  chemist.     As  the  former  makes  out  of  iron  not  only 
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macliineiy  of  all  sorts,  but  also  tools  by  which  he  can  -work 
up  every  other  material,  so  sulphuric  acid  has  also  for  us  a 
double  interest.  It  not  only  K)rm8  with  the  bases  very  im- 
portant salts,  but  we  employ  it  also  as  the  most  useful  che- 
mical means  for  producmg  nimierouB  other  chemical  sub- 
stances and  changes,  as  has  already  been  taught  in  the 
preparation  of  hydrogen,  phosphorus,  chlorine,  nitric  acid, 
carbouic  acid,  &c.  Smce  it  has  come  into  general  use  for 
the  cleaning  of  metallic  implements,  for  the  kindliTig  of 
matches,  and  for  making  blackiiig,  &c.,  it  is  well  known  as  a 
sharp,  corrosiye  fluid.  It  stands,  as  it  were,  the  Herculee 
among  the  acids,  and  by  it  we  are  able  to  overpower  all 
others,  and  expel  them  from  their  combinations.  It  occurs 
in  commerce  as  a  liquid  only.  There  are  two  sorts :  1)  an 
oily  fuming  liquid  ^ordhausen  sulphuric  acid) ;  and  2) 
another  somewhat  thinner,  and  not  nuning,  acid  (common 
sulphuric  acid,  or  oil  of  vitriol).  But  it  may  be  obtained  in 
a  solid  and  dry  state  in  the  following  manner : 
169.  Anh/drous  Sulphuric  Acid, 

Mcperiment, — Pour  into  a  small  flask,  placed  in  a  sand- 
bath  over  a  tripod  (see  Fig.  93),  half  an  ounce  of  Nord- 
hausen  sulphuric  acid,  and  heat  it  gently  till  it  boils  mode- 
rately. Conduct  the  vapour  through  a  tolerably  wide  glass 
tube  into  an  empty  flask,  which  is  placed  in  a  vessel  fiUed 
Rg.  93,  with  cold  water.  -In 

summer  time  tiiew9r 
ter  may  easily  be  made 
colder  Dy  addine  a  few 
tea-spoonfuls  of  pow- 
dered saltpetre.  If 
the  vapour  be  suffered 
to  escape  into  the  air, 
it  appears  in  thick 
white  Aunes,  having 
a  pungent  acid  smell ; 
but  if  conducted  into 
the  flask,  it  is  con- 
densed into  a  glisten- 
ing white,  sold  mass.  This  is  anhydrous  sulphuric  acid.  The 
distillation  is  stopped  as  soon  as  the  boiling  ceases,  and  the 
glass  tube  becomes  too  hot  for  the  hand  to  bear.    What  re- 
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mains  in  tlie  flask  no  longer  ftunes;  it  has  become  common 
sulplmric  add.  To  cause  this  to  boil,  vou  must  apply  a  ten 
times  stronger  heat  than  before,  for  it  does  not  begm  to  boil 
till  above  672''  P.  (300''  C),  while  tiie  anhydrous  acid  boih 
erai  at  a  little  above  Se""  E.  (80''  G.)  This  is  the  reason 
why  the  boiling  ceases  when  the  latter  has  escaped. 
ExperimenU  wUh  Anhydrous  Sulphmrie  Ada, 
JSxperimeiU  a. — ^Take  out  some  of  the  acid  by  means  of  a 
g^s  rod,  and  introduce  it  into  a  dry  test-tube ;  it  will  fiime 
violently,  and  after  a  time  become  fluid ;  that  is,  it  attracts 
water  fireon  the  air,  and  is  thereby  converted  into  Nordhan- 
sen  sulphuric  add.  On  longer  standing,  it  absorbs  still 
more  water,  and  ceases  to  fume ;  it  thus  becomes  common 
sulphuric  add.  By  evaporation  this  water  cannot  again  be 
removed,  for  the  sulphuric  add  will  deliver  this  up  only 
when  we  present  to  it  a  base  in  exchange. 

JExperime»t  h. — ^If  anhydrous  sulphuric  acid  be  thrown 
into  water,'it  is  dissolved  with  a  hissing  noise  and  the  violent 
evolution  of  heat. 

Experiment  c, — ^It  is  likewise  dissolved  by  common  sul- 
phuric acid,  converting  this  into  the  fuming  acid.  !Fuming 
sulphuric  add  is  according^  a  scdution  of  the  anhydrous  in 
common  sulphuric  add.  Its  constituents  are,  by  weighty 
16  of  sulphur  (1  atom)  and  24  of  oxygen  (3  atoms).  Hence 
its  symbol  =  S  Oa. 
IvO.  JSh^minff  Sulphuric  Aeid. 

This  is  obtained  by  the  distiilation  of  creen  vitriol,  which, 
as  is  known,  consists  of  sulphuric  add  and  protoxide  of 
iron.  (§  89.) 
Eicperiment, — ^Put  a  crystal  of  green, vitriol  into  a  glass 
tube,  and  heat  it ;  aqueous  vapour 
escapes,  and  the  green  crystal  be- 
comes white  (a^ydrous).  On 
further  heatiog  the  white  colour 
passes  into  reddish-brown,  and  a 
little  sulphurous  add  is  evolved ; 
for  a  portion  of  the  sulphuric  add 
gives  up  one  atom  of  oxygen  to  the  protoxide  of  iron,  which 
it  thus  converts  into  sesquioxidd,  while  the  other  portion 
ccmibines  with  the  sesouioxide  of  iron.  If  this  basic  sul- 
phate of  sesquioxide  of  iron  be  strongly  and  continuously 
heated,  then  the  sesquioxide  of  iron  releases  the  sulphuric 
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acid;  and  this  escapes,  and  becomes  anhydrous,  because  it 
no  longer  finds  any  water  present.  In  preparing  it  on  a 
large  scale,  earthen  retorts  are  used,  and  the  fumes  are  con* 
ducted  into  common  sulphuric  acid,  which  is  thereby  con* 
verted  into  the  fuming  acid.  It  is  a  thick,  flowing  liquid^ 
like  oil,  and  is  called  Nordhausen  sulphuric  acid,  because  this 
city  supplied  G-ermany  with  it  for  centuries.  It  has  the 
specific  gravity  of  1.9,  and  every  pound  of  it  contains  about 
2  or  2^  ounces  of  water. 

If  tms  acid  be  exposed  to  the  air,  the  anhydrous  acid  in  it 
evaporates  and  unites  with  the  watery  vapour  contained  in 
the  air ;  accordingly,  common  sulphuric  acid  is  formed,  which, 
being  ten  times  less  volatile,  condenses  in  the  cold  air,  form- 
ing white  vapours,  just  as  steam  does.  Consequently,  the 
fumes  of  this  acid  consist  of  the  vapour  of  common  sulphuric 
acid. 

As  long  as  the  process  of  manufiEtcturing  sulphuric  acid 
from  green  vitriol  alone  was  known,  it  was  a  very  expensive 
article.  A  hundred-weight  is  now  obtained  for  the  same^ 
sum  that  was  formerly  paid  for  two  pounds. 

171.  Common  Sulphuric  Acid  (H  O,  S  O3). 

Charcoal  and  phosphorus  on  burning  take  up  the  greatest 
quantity  of  oxygen  with  which  they  can  combine,  and  we 
obtain  carbonic  and  phosphoric  acids.  If  sulphur  did  the 
same,  nothing  would  be  easier  than  to  convert  it  into  sul- 
phuric acid.  But  sulphur,  on  burning,  forms  sulphurous 
acid  (S  O2),  that  is,  16  parts  in  weight  of  sulphur  (1  atom) 
combines  with  16  in  weight  of  oxygen  (2  atoms).  To  con- 
vert  this  into  sulphuric  acid,  it  must  be  compelled  to  take 
up  another  8  in  weight  of  oxygen  (1  atom).  This  is  done 
by  a  body  which  is  very  rich  m  oxygen,  and  which  likewise 
readily  parts  with  it,  namely,  by  nitric  acid. 

Uaperiment — Fasten  some  pieces  of  sulphur  to  an  iron 

Fig.  95.      wire,  inflame  and  hold  them  in  a  capacious 

^  bottle  containing  a  little  water,  until  the  blue 

/  sulphurous  flame  is  extinguished ;  the  bottle  be- 

^^^^^*  comes  filled  with  a  white  smoke,  which  is  recog- 
nised by  its  odour  to  be  sulphurous  acid.  (§  64.) 
If  you  now  introduce  a  shaving  moistened  with 
nitric  acid  into  the  vessel,  reddish-yellow  fiimes 
will  immediately  form  around  the  wood,  gradu- 
ally filling  the  whole  bottle.    These  fiunes  are 
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Bitrous  acid,  and  their  evolution  indicates  that  the  sulphurouB 
ackL  has  withdrawn  oxygen  firom  the  nitric  acid,  and  has 
been  oxidised  and  conyertod  into  sulphimc  acid.  After  some 
time  the  bottle  becomes  clear  again,  because  the  vapour  of 
tiie  sulphuric  acid  formed  sinks  to  the  bottom,  and  dissolves 
in  the  water,  and  we  can  now  again  bum  sulphur  in  the 
bottle.  If  we  repeat  this  operation  several  times,  we  can 
soon  prepare  a  few  ounces  of  diluted  sulphuric  acid. 

Experiment, — ^Add  some  drops  of  a  solution  of  muriate  of 
haryta  (chloride  of  bariiun)  to  a  portion  of  the  acid  liquid 
just  obtained ;  a  copious  white  precipitate  is  formed,  which 
disappears  neither  by  boiling,  nor  by  the  addition  of  water, 
nor  by  nitric  acid.  This  precipitate  is  8uh>hate  ofharifta,  a 
salt  quite  insoluble  in  water  and  acids.  Add  one  drop  of  the 
diluted  acid  to  a  wine-glassful  of  water,  and  add  to  this  a 
Httle  more  of  the  solution  of  baryta;  even  at  this  great 
dilution  a  perceptible  cloudiness  will  be  produced.  A  so- 
lution of  chloride  of  barium,  or  of  nitrate  of  barjrta,  is  the 
most  certain  test  for  detecting  sulphuric  acid  and  sulphates. 

172.  The  manufacture  of  common  sulphuric  acid  on  a  large 
scale  is  conducted  on  the  same  principle  as  in  the  last  ex- 
periment but  one.  The  sulphur  is  burnt  in  an  oven,  from 
which  a  pipe  leads  into  large  leaden  chambers.  Vessels  con- 
taining nitric  acid  are  placed  in  one  of  the  chambers,  and 
some  water  is  poured  upon  the  floor.  The  sulphurous  acid 
abstracts  one  atom  of  oiygen  after  another  from  the  nitric 
acid,  tiU  this  is  converted  mto  nitric  oxide.  The  nitric  oxide 
formed  now  acts  in  a.  very  peculiar  manner.  It  has  been 
stated  (§  162)  that  this  gas  (N  Ot),  on  coming  into  contact 
with  the  air,  immediately  abstracts  from  it  one  atom  of  oxv' 
gen,  forming  yellowish-red  fumes  of  nitrous  acid  (N  Os) ;  the 
same  thing  taKOs  place  in  the  leaden  chambers,  since  air  also 
flows  into  the  chambers  at  the  same  time  with  the  sul- 
phurous acid.  The  nitrous  acid  readily  gives  up  again  this 
one  atom  of  oxygen  to  bodies  which  have  a  desire  for  it. 
Such  a  body  is  smphurous  acid.  Although  it  is  too  inert  to 
take  the  oxygen  directly  from  the  air,  it  nevertheless  re- 
ceives the  oxygen  very  willingly  when  it  is  presented  to  it 
by  the  nitrous  acid.  Thus  the  latter  becomes  again  con- 
verted into  nitric  oxide,  but  the  former  into  sulphuric  acid. 
The  nitric  oxide  again  takes  oxygen  from  the  air,  and  gives 
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it  up  again  to  the  sulphurous  acid,  and  continues  to  perfonn 
this  service  as  Icmg  as  any  oxygen  is  present.  Einally,  it  m 
allowed  to  escape,  together  with  the  remaining  nitrogen  of 
the  air.  But  it  is  essential,  for  the  success  of  this  process, 
that  the  vapou/r  of  water  be  also  present ;  therefore  steam  is 
continually  conducted  into  the  chambers  from  a  steam* 
boiler.  This  steam,  together  with  the  sulphuric  acid  formed^ 
condenses  on  the  cold  walls,  and  collects  on  the  floors  of  the 
chambers  as  an  add  liquid.  The  annexed  flgure  tends  to 
elucidate  this  process. 

FifT.  96. 


By  means  of  this  remarkable  property  of  nitric  oxide,  it 
has  become  possible,  with  an  ounce  of  nitric  acid,  to  obtain 
from  10  ounces  of  sulphur  30  ounces  of  concentrated  com- 
mon sulphuric  acid.  If  the  three  atoms  of  oxygen  released 
from  the  nitric  acid  were  all  the  oxygen  that  operated,  we 
should  require  more  than  20  ounces  of  nitric  acid  to  prepare 
80  ounces  of  sulphuric  acid.  There  are  now  some  labora- 
tories for  the  manu&cture  of  sulphuric  acid,  of  sucb  colossal 
size,  that  they  are  able  to  deliver  daily  several  hundred- 
weights of  prepared  acid.  The  diluted  add  formed  in  the 
leaden  chambers  requires  still  to  be  evaporated  down  nearly 
one-half,  in  order  to  convert  it  into  common  concentrated 
sulphuric  acid.  This  evaporation  is  conmienced  in  leaden 
vessels,  and  finished  in  glass  or  platinum  retorts.  The  water^ 
being  more  volatile,  escapes,  and  carries  off  with  it  only  a 
small  portion  of  the  acid.  When  the  specific  gravity  of  the 
latter  becomes  1.84i — ^that  is,  when  1840  grains  of  the  acid 
can  be  put  into  a  vessel  capable  of  containing  just  1000 
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ffoisiB  of  water,  tiie  erapocatiaa  is  stopped,  and  tlie  acid  is 
tRmsSrared  to  large  glass  bottles,  or  caarbojs.  One  pound  of 
oonmon  sulphuric  acid  contains  l^iree  ounces  of  water,  and 
oomosts  of  one  atom  of  add  and  one  atom  of  water ;  but  this 
at(»DL  of  water  is  retained  so  firmly  that  it  cannot  be  expelled 
by  any  heat.  This  acid  is  th«rel(M«  called,  also,  hydratei 
m^vrie  acid,  =  S.  O,  S  Os.  It  is  known  in  commerce  as 
oilofTitTic^. 

173.  Mpperiments  with  Sulphuric  AM, 

Mpperimeni  a, — Let  some  sulphuric  acid  remain  in  an 
op&a.  ^aak  exposed  to  the  air ;  it  will  increase  every  day  in 
weight,  ybr  it  very  eagerly  attrcmts  water  from  the  air.  After 
standing  for  some  monl^  in  a  damp  place  it  will  become 
two  orl^iree  times  heavier  i^ian  before.  This  explains  why 
ike  lucif4»*-match  bottles  fcnuerly  in  use  became  30  readily 
saturated  with  water.  Some  substances  impregnated  wii^ 
water,  especially  gases^  aze  dried  by  means  of  sulphuric 
add. 

EizperimeM^  h. — ^A  piece  of  wood  introduced  into  sulphuric 
addSiecomes  black,  and  is  charred  just  as  when  it  is  exposed 
to  the  flame  of  a  candle.  The  sulpnuric  acid  seises  upon  its 
hydrc^en  and  oxygen,  which  combine  to  form  water,  and  the 
carbon  is  left  behind.  Wood  may  be  charred  in  this  w^, 
in  <»rder  to  protect  it  frcm.  decay  in  moist  situations.  In 
the  refining  of  lamp-oil,  the  mucilage  of  the  oil  is  charred  by 
sulphuric  acid.  Stdphuric  add  chars  and  destroys  most  tege- 
toMe  and  animal  substances, 

JExperiment  c. — Pour  a  drop  of  oil  of  vitriol  upon  paper ; 
decomposition  takes  place  slowly,  but  it  will  take  place  in- 
stantaneously if  some  drops  of  water  are  added,  because 
voter  and  sulphuric  acid  unite  together  with  the  evolution  of 
strong  heat.  For  diis  reason,  when  sulphmric  acid  comes  in 
contact  with  the  skin,  it  should  first  be  wiped  off  with  dry 
paper  or  cloth,  and  then  be  immediately  washed  with  a  great 
quantity  of  water.  If  50  measures  of  sulphuric  acid  are 
mixed  with  50  measures  of  water,  we  do  not  obtain  100 
Bieasures,  but  only  97  measures,  of  liquid ;  consequent^,  a 
conlaraction  or  condensation  has  occurred,  which  cond€3isa- 
tion  is  always  attended  with  the  liberation  of  heat. 

Experiment  d. — Pulverise  a  small  quantity  of  indigo,  and 
&nn  a  thin  paste  of  it  vrith  fuming  su^huric  acid.    After  a 
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few  days  add  to  it  some  water,  and  you  obtain  a  deep  blue 
liquid — solution  of  indigo.  With  this  solution  wool  may  be 
dyed  of  a  fine  blue  colour  (Saxon-blue),  Common  sulphuric 
acid  dissolves  indigo  only  imperfectly.  Indigo,  although  a 
vegetable  substance,  is  not  carbonised  by  sulphuric  add, 
thus  forming  an  exception  to  the  general  rule. 

Experiment  e. — If,  during  the  winter  season,  you  place 
one  vessel  containing  fuming  sulphuric  acid,  and  another 
containing  the  common  acid,  in  a  cold  place,  the  stronger 
oil  of  vitriol  will  freeze  at  32°  1\  (0°  C),  but  the  weaker 
common  sulphuric  acid  will  not  freeze  until  the  temperature 
fallsto— 29°r.(— 34°C.) 

Uaperiment  f. — ^Dissolve  half  an  ounce  of  the  soda  of  the 
shops  in  warm  water,  and  neutralise  it  with  dilute  sulphuric 
acid ;  evaporate  until  a  film  forms  upon  the  surface,  when, 
on  cooling,  prismatic  crystals  will  be  deposited ;  they  possess 
a  bitter  saline  taste,  and  are  easih/  soluble  in  water.  The 
common  soda  of  the  shops  is  carbonate  of  soda  (Na  O,  C  O9) ; 
the  carbonic  acid  is  displaced  by  the  stronger  sulphuric  acid, 
and  escapes  with  effervescence,  but  sulphate  of  soda  (Glau* 
ber's  salts)  remains  behind  in  the  liquid.  Almost  ail  spring- 
water  contains  small  quantities  of  soluble  sulphates ;  tne  in- 
soluble or  almost  insoluble  sulphates  are  often  accumulated 
in  enormous  masses  in  nature,  forming  whole  mountains,  aa, 
for  instance,  gypsum. 

Experiment  y..— Mix  to  a  thin  paste  half  an  ounce  of 
litharge  with  water,  and  add  gradually  a  quarter  of  an  ounce 
of  common  sulphuric  acid ;  after  a  while  a  white  insoluble 
body  is  formed.  The  acid  unites  with  the  oxide,  forming 
sulphate  of  the  oxide  of  lead ;  this  is  an  insoluble  salt. 

Experiment  h. — To  half  an  ounce  of  copper  scales,  such  as 
fall  off  at  the  coppersmiths*,  add  two  ounces  of  water,  and 
then  gradually  two-thirds  of  an  ounce  of  sulphuric  acid,  and 
put  it  in  a  warm  place ;  you  obtain  a  blue  solution,  from 
which  afterwards  blue  oblique,  rhomboidal  crystals  will  be 
deposited.  The  edges  of  these  crystals  are  usually  obtuse, 
giving  to  the  narrow  sides  a  roof-like  appearance.  Copp«? 
scales  consist  of  oxide  of  copper ;  and  they  combine  with  the 
acid,  forming  sulphate  of  oxide  of  copper  (blue  vitriol),  a 
soluble  salt.  By  the  designation  vitriol  is  always  to  be  under- 
stood a  sulphate  of  a  metallic  oxide.     Copper  or  iron  vessels 
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»e  cleaned  more  rapidly  and  made  brighter  by  water  to  which 
some  sulphuric  acid  has  been  added,  than  by  simple  water 
lione,  because  the  oxide,  which  tarnished  the  vessels,  is  dis- 
solved by  the  acid. 

Hxpervment  i, — Put  a  small  iron  nail  into  a  test-tube,  and 
drench  it  with  twenty  drops  of  common  sulphuric  acid ;  it  is 
not  acted  upon.  But  if  you  add  a  little  water,  about  four  or 
five  times  more  than  the  acid,  a  brisk  effervescence  will  ensue, 
and  the  iron  will  be  dissolved.  The  strong  acid  may  be 
heated  to  boiling  in  iron  vessels  without  acting  upon  them, 
'wrhich  is  by  no  means  the  case  with  the  diluted  acid.  It  has 
already  been  stated  (§  89)  that,  in  this  experiment,  hydrogen 
escapes,  and  sulphate  of  iron  remains  in  solution.  The  iron 
becomes  protoxide  of  iron,  not  through  the  oxygen  of  the 
acid,  but  through  that  of  the  water.  Zinc  and  tin  comport 
themselves  in  the  same  manner.  Consequently,  the  diluted 
acid  must  be  employed  for  dissolving  such  metals.  But 
there  are  also  metals  which  dissolve  only  in  the  stronger  acid, 
for  instance,  copper,  silver,  &c. ;  this  will  be  treated  of  more 
felly  under  sulphurous  acid. 

Mxperiment  h. — ^If  a  meadow  or  field  be  irrigated  with  one 
pound  of  sulphuric  acid,  diluted  with  1000  pounds  of  water, 
the  soil  will  be  rendered  more  fertile  and  productive.  The 
reason  is,  that  the  sulphuric  acid  decomposes  and  renders 
soluble  several  kinds  of  earth ;  whereby  soluble  sulphates  are 
formed  which  are  absorbed  by  the  plants,  and  assist  their 
growth.  Sulphuric  acid,  if  only  100  times  diluted,  has  the 
contrary  effect,  and  may  be  used  for  destroying  grass  on 
gravel  paths. 

2.)    Sulphurous  Acid  (S  O2). 

174.  Tms  suffocating  gas  is  formed,  not  only  by  the  com- 
bustion of  sulphur,  but  may  also  be  prepared  ttom  sulphuric 
acid,  by  depriving  this  acid  of  one  atom  of  oxygen. 

JExp&Hment, — rut  into  a  flask  (see  Fig.  93)  half  an  ounce 
of  copper  turnings,  and  two  ounces  of  common  sulphuric 
acid,  and  conduct  the  gas  (S  O2),  as  it  esca^jes,  into  a  four- 
oraioe  bottle  filled  with  water  (for  the  precaution  to  be  taken, 
see  §  92) ;  the  gas  wiU  be  absorbed  by  the  water  in  great 
quantities,  and  will  impart  to  it  an  acid  taste  and  a  suffo- 
cating odour,  like  that  of  burning  sulphur.  One  measure  of 
water  dissolves  about  forty  measures  of  sulphurous  acid. 

k2 
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When  the  gas  ceases  to  be  absorbed  by  the  wster,  substitute 
a  bottle  fiUed  with  a  Bolution  of  carbonate  of  soda ;  this 
likewise  absorbs  the  gas,  and  forms  with  it  sulphite  of  soda, 
while  the  carbonic  acid  of  the  carbonate  of  soda  escapes. 
After  suficieift  evaporation,  the  salt  formed  will  shoot  out 
into  white  crystals,  now  known  in  commerce  by  the  name  of 
aniichlorine  ;*it  is  able  to  bind  the  chlorine  that  may  hi^pen 
to  remain  inl^e  material  during  the  bleaching,  and  to  render 
it  harmless.  Sulphite  of  soda  has  not  the  odour  of  sulphur- 
ous acid,  unless  when  diluted  sulphuric  acid  is  poured  upon 
it,  which  combines  with  the  soda,  and  ex:pe]a  the  feebler  sul- 
phurous add. 

Exj^eriment, — ^Infuse  logwood  shavings  in  warm  water,  and 
pour  mto  the  dark  liquid  wus  obtained  some  sulphurous  adid 
water ;  a  dec(doriaation  of  the  liquid  will  immediatd,y  take 
place.  Sulphurous  acid  bleaches  vegeiMe  colowrs.  Straw, 
wool,  silk,  and  catgut — ^indeed  animal  substances  e^eciaUy 
— are  very  commoiily  bleached  with  sulphurous  acid.  The 
most  simple  method  is  to  moistai  them  with  water,  and  sus- 
pend them  in  a  chamber  or  in  a  box,  on  the  floor  of  which  is 
placed  a  vessel  containing  burning  sulphur.  The  bleaching 
power  of  this  acid  is  beautifully  exemplified  on  holding  a  rose 
(m:  a  peony  ov€a*  a  burning  stick  of  sulphur.  If  some  w)pa  of 
strong  sulphuric  acid  be  added  to  the  bleached  infusion  of 
logwood,  its  original  dark  red  colour  wiU  (Main  be  restored; 
consequently  the  colouring  matter  has  not  oeen  oompletdly 
destroyed  by  the  sulphurous  acid,  as  it  would  have  been  1^ 
chl(Mrine ;  but  it  has  onlv  combined  with  the  acid,  fonaing  a 
colourless  compound,  which  may  be  broken  up  again  by  a 
stronger  acid. 

Experiment. — ^If  a  lighted  taper  is  held  over  burning  sul|)hur, 
or  introduced  into  a  vessel  of  sulphurous  add  gas,  it  will  be 
extinguished^  as  it  was  by  nitrogen  or  by  carbonic  acid.  The 
continuation  of  ti^e  comSusticm  is  prevented,  because  the  gas 
contains  no  free  oxygen.  It  may  be  now  readily  ex^ained 
how  chimneys  on  £re  are  extinguished  by  scattenng  sulphur 
on  the  eo£^  beneath ;  the  sulphurous  acid  gas  ascends  in  the 
chimney,  and  expels  the  aianosphmc  air  present  in  it ;  the 
glowing  soot  is  tibereby  derived  of  the  &ee  oxygen,  and  is 
extinguished. 

175.  It  now  remains  to  inquire,  what  has  beeoane  of  tiie 
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comer  and  the  snlphinie  acid,  boni  irlicli  the  Bnlplixiioiis 
acid  was  prepared. 

JSxperiment. — Wlien  the  reatdue  in  tiie  flask  has  become 
cold,  add  water  to  it,  and  heat  it  gently  to  boiling,  until  the 
whole  saline  mass  is  dissolved.  The  solution  is  dark  and 
turbid,  because  fine  particles  of  diarcoal,  contained  in  almost 
every  metal,  are  floating  about  in  it ;  but  after  Altering,  it  is 
of  a  beautiful  blue  coloor,  and  transparent.  If  i^owed  to 
cool  slowljr,  blue  crystals  of  sulphate  of  the  oxide  of  copper 
(blue  vitriol),  of  considerable  size,  are  flmned ;  it  is  identical 
with  the  salt  obtained  by  the  solution  of  the  copper  scales  in 

sulphuric  acid.  The  oxygm  by 
yditUe.  which  the  copper  was  oxidised 
proceeded  from  Hie  sulphuric 
add,  half  (^  which  gave  up  aa 
atom  oi  ox;^gen,  and  was  therel^ 
converted  into  sulphurous  acid, 
T^aSe.  but  the  other  half  combined  with 
the  oxide  of  copper  just  formed. 
If  copper,  like  iron,  could  be  oxidised  by  the  orvgen  of  water, 
Aea  one  ounce  of  sulphuric  acid,  instead  of  two  ounces, 
would  have  sufficed  for  half  an  ounce  of  copper.  Gonsequently, 
in  preparing  blue  vitriol,  it  is  more  economical  previously  to 
convert  the  copper  into  oxide  by  heating  it  to  redness  in  the 
air,  and  then  dissolving  it  in  sulphuric  acid.  Silver  and 
mercury  ecnnport  themselves  also  nke  copp^.  When  l^iey 
are  to  be  dissolved  in  sulphuric  add,  concentrated  add  must 
be  used. 
When  larger  quantities  of  sulphurous  add  are  required,  it 

is  usually  prepared  by  heating 
Vdatik.  sulphuric  add  with  charco^ 
The  diarooal  Hkevnse  ab- 
stracts one  atom  of  oxygen 
Tolatile.  from  the  sulphuric  add,  and 
becomes  converted  into  carw 
bonic  oxide,  which  escapes  in  ccmipany  with  the  sulphurous 
add. 
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The  following  proportions,  in  weight,  of  sulplmr  and  oxy^ 
gen,  always  exist  in  the  two  combinations  just  considered : 

16  oz.  of  solphor  and  24  oz.  of  ozjeeD,  or  1  at  Sand  8  at.  0,  form  S  0*. 
16"  *^        "    16"  ^       "l"Sand2"0,    "    S  0^ 

Sulphur  forms  with  oxygen  several  other  acid  combina* 
tions,  as  hyposulphuric  acid,  trithionic  acid,  hyposulphurous 
acid,  tetrathionic,  and  pentathionic  acids ;  but  these,  as  less 
important,  will  not  be  treated  of  here. 

PHosPHOBxrs  Am)  oxraEir. 

1.)  Fho9phortc  Acid  (P  Os). 

176.  When  phosphorus  bums  with  a  flame  in  oxygen,  or 
in  the  air,  a  white  acid  vapour,  called  phosphoric  acid  (§  65), 
is  formed ;  32  grains  of  phosphorus  are  thereby  always  com- 
bined with  40  grains  of  oxygen,  or  1  atom  of  phosphorus  with 
5  atoms  of  oxygen;  this  acid,  consequently,  has  the  for- 
mula P  Oft.  li  phosphorus  is  burned  under  a  dry  bell-glass, 
this  vapour  will  be  deposited  as  a  white  powder  (anhydrous 
phosphoric  acid),  which  deliquesces  in  the  air,  but  dissolves  in 
water,  for  phosphoric  acid  is  hygroscopic,  and  easily  soluble 
in  water.  Such  a  solution  may  also  be  obtained  by  boiling 
phosphorus  for  a  long  time  with  nitric  acid.  In  the  prepara- 
tion of  it  by  combustion,  the  air  furnishes  the  oxygen ;  on 
boiling  with  nitric  acid,  the  acid  itself  supplies  it.  We  find 
phosphoric  acid,  however,  already  existmg  in  many  sub- 
stances, especially  in  the  hones  of  the  mammalia  and  birds, 
from  which  it  m^  be  prepared.  ^^ 

Ua^eriment—^eigii  a  hone,  put  it  in  a  furnace-fire,  and 
let  it  remain  there  for  some  hours ;  it  first  becomes  black  and 
then  again  white.  Now  take  it  from  the  fire  and  again  weigh 
it ;  it  has  lost  about  one-third  of  its  weight.  That  which 
was  lost  in  burning  was  gelatine,  which  was  first  charred  by 
the  heat  and  then  burnt,  that  is,  converted  into  gas,  which 
volatilised  ;  the  remaining  non-volatile  parts  are  called  hone^ 
ashes,  and  consist  principally  of  phosphate  of  lime.  £educe 
this  to  a  fine  powder.  Put  two-thirds  of  an  oimce  of  it  into 
a  flask,  and  add  to  it  half  an  ounce  of  sulphuric  acid  and 
four  ounces  of  water ;  let  it  stand  for  some  days  in  a  warm 
place,  occasionally  shaking  it.  Then  pour  the  somewhat 
thick  mass  upon  a  cloth,  and  squeeze  out  the  liquid.  This 
no  longer  contains  sulphuric  acid,  but  phosphoric  acid,  with  a 
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litUe  lime.  The  sulplmric  acid  remains  on  the  cloth ;  it  has 
combined  with  the  lune,  and  expelled  the  phosphoric  acid. 
The  sulphate  of  lime  (§  164)  is  then  washed  witn  water  and 
dried. 

Sulphuric  acid  in  the  moist  way  is,  as  we  see,  stronger 
than  phosphoric  add,  but  at  a  red  heat  the  contrary  is  the 
<^A^ '  ^  gypsum  is  heated  to  redness  with  phosphoric  acid, 
the  sulphuric  acid  will  be  driven  off,  so  extraordinary  are  the 
changes  which  afi&nities  experience  at  different  temperatures. 
At  a  great  heat,  the  least  volatile  acids  are  always  the 
strongest ;  among  these  belongs  phosphoric  acid,  since  it 
does  not  volatilise  until  it  attains  a  white  heat.  If  this  phos* 
phoric  acid  is  evaporated,  we  obtain  it  (still  containing  some 
lime),  first  as  a  surupy  liquid,  and  finally  as  a  vitreous  solid 
mass. 

To  detect  phosphoric  acid,  add  to  a  solution  of  it  some 
drops  of  a  solution  of  nitrate  of  silver  and  ammonia;  a 
yeUow  precipitate  is  produced  (phosphate  of  the  oxide  of 
silver).  But  if  the  acid  had  been  previously  ignited,  the 
precipitate  would  have  been  white ;  consequently,  the  pro- 
perties of  phosphoric  acid  are  partially  changed  by  strong 
Ignition.  A  more  accurate  test  consists  in  adding  to  the 
liquid  imder  examination  a  few  drops  of  a  solution  of  Epsom 
salts  and  ammonia ;  if  phosphoric  add  be  present,  a  crystal* 
line  precipitate  (§  251)  is  formed. 

The  body  of  an  adult  man  contains  about 
from  9  to  12  pounds  of  bones,  containing 

"    6  "    8  pounds  of  bone  ashes,  containing 

"    6  "    7  pounds  of  phosphate  of  lime,  containing 

"  2J  "    8  pounds  of  phosphoric  add,  containing 

"     1"   Ifpounds  of  phosphorus. 

Phosphates  are  also  contained  in  the  blood,  flesh,  and  other 
portions  of  the  body.  Whence  does  it  obtain  this  phos- 
phorus? Answer:  from  the  meat  and  vegetables  which  it 
consumes.  The  phosphates  occur  in  bread,  in  all  kinds  of 
^rain,  in  le^mmous  and  many  other  plants,  particularly 
in  their  seeds.  But  how  do  the  plants  obtain  these  salts  P 
'By  means  of  the  soil.  If  arable  land  contained  no  such 
salts,  no  seeds  could  be  produced.    If  we  increase  their 

Juantity  by  mixing  ground  bones  with  the  soil,  we  place  the 
itter  in  a  situation  to  produce  a  larger  quantity  of  grain ; 
consequently,   bones  furnish  us  with  a  powerful  manure. 
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That  the  gelatine  contained  in  tkem  contributes  also  to  tlie 
growth  of  plants,  will  be  treated  of  hereafkr. 

2.)  Fkoiphorous  Acid  (P  O,). 

177«  This  acid,  which  contains  for  one  atom  of  phosphoros 
only  three  atoms  of  oxygen,  is  formed  principally  when  phos- 
phorus is  slowly  burnt,  that  is,  when  without  being  heated  it 
takes  up  oxygen  from  the  air,  as  was  shown  in  §  140. 

8.)  A  combination  of  equal  atoms  of  phoii^homs  and  oxy- 
gen is  called  h^popho^haroua  acid. 

4.)  Oa:ide  of  jPkdphorus  (P,  0).  The  red  substance 
formed  during  the  imperfect  combustion  of  phosphons  (§§ 
142, 143)  contains  even  less  oxygen  tiban  hypopho^horous 
acid,  and  is  called  aside  (^  pkoiphonu. 

In  phosphoric  acid  (P  Os)  32  ounces  of  phosphcHrtis  are 
always  combined  with  40  ounces  of  oxygen,  or  1  atom  P  witii 
5  atoms  O ;  in  phosphorous  acid  (P  O,),  32  ounces  of  phos- 
phorus are  always  combined  wii^  24  ounces  of  oxygen,  oar  1 
atom  P  with  3  atoms  O. 
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178.  Chlorine  has  but  a  feeble  affinity  f^  oxygen,  and  eon 
only'  be  combined  with  it  in  an  indirect  way,  and  wii^  lite 
assistance  of  strong  bases,  which  immediately  unite  with  the 
acids  produced,  forming  salts. 

1.)  JSypochlorimt  acid  is  a  comlmiation  of  two  measures  or 
one  atom  of  chlorine  wiiii  one  atom  of  oxygen  (CI  0),  and  it  is 
characterised  by  its  power  of  destroying  aU  regetable  colours. 
It  is  resolved  with  great  ease  into  free  chlorine  and  oxygen. 
It  is  the  hleac^img  principle  <^  t^  wdL-known  cMonde  of 


2.)  CMorie  acid  consists  of  one  atom  of  chlorine  and  five 
atoms  of  oxygen  ;  thus  its  formula  is  CI  O5.  As  it  is  so  ridi 
in  o^gen,  and  releases  it  very  readily  when  heated,  its  saUs 
are  ^quently  employed  for  obtaining  oi^gen,  or  for  com- 
bining oth^  substances  with  oxygen  (oxidising  them).  The 
salt  ei  this  kind  most  commonly  employed  is  the  chlorate 
of  potaasa,  which  was  used  in  scnne  of  the  eariier  expenir 
ments. 

3.)  Perchloric  acid  is  a  combination  of  one  atom  of  eUo- 
rine  and  seven  atoms  of  oxygen. 

Bromine  and  iodine  comport  iiieinselves  like  chlorine,  ami 
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eombioe  iriUi  oiygen,  forming  acids,  whidi  are  easily  decom- 
posed.   EIuoEme  does  not  unite  at  all  with  oxjgen. 

179.  Chfonogen,  although  composed  of  two  elements  (carbon 
and  nitrogen),  comports  itself,  nevertheless,  exactly  like  a 
simple  body,  and,  moreover,  like  a  halogen,  and  forms  several 
acidis  with  oxygen.  Two  of  these  are  of  great  interest  in  a 
scientific  point  of  view,  because  they  have  exactly  the  same 
constitution,  but  entirely  different  properties.  They  consist 
of  equal  atoms  of  cyanogen  and  oxygen.  One  of  them  is 
caJleAfuhmuc  acid  (Cjf  62),  and  exists  united  with  the  oxide 
of  mercury  in  fulminating  mercury,  and  with  the  oxide  of 
silTer  in  fulminating  silver.  The  well-known  percussion-caps 
afford  a  famiKar  example  of  the  violence  with  which  these 
salts  explode  on  being  rubbed  or  struck  by  some  hard  body. 
One  of  these  caps  contains  only  one-third  of  a  grain  of  fiilnd- 
nating  mercury.  The  fulminic  acid  separates,  on  exploding, 
into  two  gases — ^nitrogen  and  carbonic  oxide — ^which  sud- 
denly occupy  a  space  several  thousand  times  greater  than 
before.  The  second  acid  is  called  cyanic  acid  (Cy  0) ;  it 
likewise  decomposes  very  readily,  but  without  exjiosion  or 
danger. 

Bodies  which  contain  just  the  same  constituents,  and  in 
exactly  the  same  quantity,  but  at  the  same  time  are  quite  dis- 
fimilar  in  their  properties,  are  called  isomeric  (from  to-oj,  equal, 
and  fi€pos,j9arf),  or  similarly  constituted  bodies. 

SOBOir  A2fB  OXTGEir. 

jBormeie  Acid^  Bo  O3. 

180.  JEx^[teriment — ^Dissolve  in  a  porcelain  dish  half  an 
oaxLce  of  borax  in  an  eunce  and  a  half  of  boiling  water,  and 
add  muriaiic  aeid  by  drops  to  the  solution,  until  the  liquid 
^bros  a  Btrcmg  acid  reaction.     On  gradually  cooling  it,  the 

^  boracic  acid  wiU  separate  in  scaly 

^'    '  plates,  which  are  purified  by  heing 

again  dissolved  and  recrystidlised. 
Bonunc  acid  is  combined  in  borax 
wifeh  a  base,  soda.  13ie  stronger  mu- 
riaitic  acid  seizes  upon  this  soda,  and 
forms  with  it  muriate  of  soda  (or 
chloride  oi  sodium  and  water),  which 
ranains  dissolved,  while  the  less  so- 
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luble  boracic  acid  separates  from  the  liquid  in  crystals.  There 
are  some  places  in  Italy  where  hot  watery  vapours  containing 
boracic  acid  issue  from  the  earth.  Large  quantities  of  this 
acid  are  now  obtained  from  these  vapours,  by  conducting 
them  into  basins  of  water,  where  they  condense  with  the  bo- 
racic acid. 

^Experiment, — ^Take  a  piece  of  thin  platinum  wire,  about 
two  and  a  half  inches  long,  and  bend  one  end  of  it  into  a 
hook.  Moisten  this  part  with  the  tongue,  and  dip  it  into  bo- 
racic acid,  so  that  a  small  portion  of  it  may  remain  adhering 
to  the  platinum.  Now  blow  through  a  blow-pipe  into  the 
flame  of  a  spirit-lamp,  and  hold  the  boracic  add  at  the  point 
Fig.  98.  ^^  *^®  horizontal  flame.    It  will  first 

melt  and  swell  in  its  water  of  crjrstalli- 
sation  into  a  spongy  mass ;  but,  by  con- 
tinuous blowing,  it  will  be  converted  into 
a  transparent  glass  head,  Boracic  acid 
does  not  volatuise  on  ignition.  If  you 
moisten  the  glaas  bead,  and  apply  to  ii 
either  powdered  chalk,  litharge,  or  iron- 
rust,  and  again  heat  it  to  melting,  these 
substances  will  unite  most  intimately 
with  the  boracic  acid,  and  be  dissolved  by 
it,  and  likewise  vitrified.  Most  of  the 
combinations  of  boracic  acids  with  bases  become  vitreous 
when  heated;  that  is,  they  melt  together,  forming  sometimes 
a  white,  and  sometimes  a  coloured  glass. 

181.  The  hlow-pipe  is  an  excellent  instrument  for  vola- 
tilising, heating  to  redness,  melting,  oxidising,  or  reducing 
substances,  on  a  small  scale.  Twofold  combustion  takes 
place  in  the  blow-pipe  fiame — ^in  the  interior  by  means  of  the 
air  which  is  blown  into  it,  and  externally  by  means  of  the 
atmospheric  air.  By  this  means  two  cones  of  light  are  formed 
— a  smaller  inner  cone,  of  a  blue  colour,  and  a  larger  outer 
cone,  of  a  yellowish  appearance.  The  former  is  called  the 
reducing  flame,  the  latter  the  oxidising  flame.  Kyou  wish  to 
take  oxygen  from  a  body — ^for  instance,  from  an  oxide — hold 
it  at  the  point  of  the  blue  inner  fiame,  where  it  meets  with 
soot  or  carbon,  which  combines  with  the  oxygen  of  the  oxide, 
forming  carbonic  acid.  But  if,  on  the  other  hand,  a  body  is 
to  be  oxidised,  then  it  is  held  at  the  point  of  the  outer  flame, 
where  the  oxygen  of  the  air  can  have  free  access  to  it.    la 
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c^der  to  acquire  a  practical  knowledge  of  the  blow-pipe,  first 
try  to  convert  a  piece  of  lead,  placed  upon  cliarcoai,  into  an 
oxide,  by  exposing  it  to  tbe  outer  flame ;  and  afterwards  to 
restore  this  oxide  to  its  original  metallic  state,  bj  exposing  it 
to  the  inner  flame,  in  order  to  reduce  it.  The  habit  must, 
moreover,  be  acquired  of  breathing  through  the  nose  while 
blowing,  and  to  do  this  the  cheeks  must  be  kept  constantly 
distended.  When  this  habit  is  acquired,  the  chest  is  no 
longer  strained  by  blowing,  and  an  uninterrupted  stream  of 
air  may  be  kept  up  for  a  k>ng  time. 

182.  ^Esn>eriment, — If  you  mix  some  boradc  acid  in  a 
mortar  with  alcohol,  and  kindle  the  latter,  it  will  bum  with 
a  green  flame.  In  this  way  boracic  acid  may  easily  be  de* 
tected.  Some  of  the  acid,  which  is  not  alone  volatilised  by 
heat,  as  we  have  shown  in  a  previous  experiment,  is  volatilised 
with  the  alcohol.  Other  bodies  also  exhibit  a  similar  incon- 
sistency. When  heated  by  themselves,  they  are  completely 
non-volatile,  but  they  volatilise,  and  frequently  at  very  low 
temperatures,  when  mixed  with  another  hoay  which  is  very  vokh 
tile.  Thus,  in  the  present  instance,  the  alcohol  is  the  occa* 
sion  of  the  volatilisation  of  the  boracic  acid.  Hot  steam  will 
also  render  hu^  quantities  of  non-volatile  silicic  acid  volatile, 
and  carry  it  off  with  itself.  Common  salt  is  constantly  takdn 
up  by  the  vapours  which  rise  from  the  ocean  into  the  air.  It 
is  again  precipitated  with  the  rain,  and  in  this  manner  is  dif» 
fused  over  the  whole  earth. 

Boracic,  like  phosphoric  acid,  is,  in  the  moist  condition,  a 
T^  weak  add ;  but  at  a  red  heat  it  is  one  of  the  strongest 
acios. 

SILIOOir  AKn  OXYGEN. 

Silicic  Acid,  or  Silica  (Si  Os). 

183.  That  which  is  commonly  called  flint  is  called  in 
Fig,  99.    chemistry  silicic  acid.    We  find  it  tolerably  pure 

Iin  quartz,  sandstone,  pumice-stone,  and  flint,  and 
in  rock  crystal  often  beautifully  crystallised  in  six- 
sided  prisms,  or  ^ix-sided  pyramids,  and  so  transpa- 
rent, that  ornamental  stones,  the  so-called  Bone* 
mian  diamonds,  are  made  from  it.  Bed  cornelian, 
violet  amethyst,  green  chrysoprase,  the  variegated 
agate  and  jasper,  opal  and  chalcedony, — ^these  well- 
known  precious  stones  consist,  likewise,  of  silica , 
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tlieir  ooloiirs  are  cliiefly  crwing  to  the  presence  of  metallic 
oxide.  Common  sand  is  silica,  rendered  yellow  or  brown 
eoloored  by  bydrated  oxide  of  iron  (rust).  In  its  natural 
state,  silica  is  so  bard  as  to  prodnce  sparks  witb  steel,  and  is 
qiute  insoluble  in  water  and  acids,  except  hydrofluoric  acid. 
it  m&y,  perhaps,  seem  astonishing  to  some  that  such  bodies  as 
our  common  sand,  or  flint,  sbould  be  included  among  tbe 
adds.  The  reason  is,  that  silica,  just  like  other  acids,  com- 
bines witb  bases,  and  forms  salts. 

Sucperiment, — ^Boil  in  a  porcelain  vessel  one  drachm  of 
finely-ground  sand  and  two  drachms  of  caustic  potassa,  with 
one  ounce  of  water,  for  some  hours,  supplying  the  water,  oc- 
casionally, as  it;  evaporates ;  then  let  the  mixture  stand  in  a 
dosed  TBSsel,  for  the  impurities  to  settle.  Part  of  the  sand 
dissolves  in  the  solution  of  potassa,  and  forms  with  it  a 
thicHsh  opalescent  mass.  If  you  add  muriatic  add  to  this 
sdntion,  a  thick  ^latinous  predpitate  of  silidc  add  wiQ  be 
formed.  If,  on  tne  contrary,  j(m  previously  dilute  the  liquid 
witb  from  ten  to  twelve  times  its  quantity  of  water,  and  then 
remove  the  potassa  by  mxtriatic  add,  tiie  liquid  will  remain 
dear,  and  the  silidc  add  remain  dissolved  in  the  water.  But 
tins  Bolubiliiy  is  destroyed  as  soon  as  the  sohition  is  evapo- 
rated to  drpiess,  and  the  sOidc  acid  then  forms  a  wmte 
powder,  which  is  no  longer  soluble  in  water.  Thus,  as  ia 
evident,  silicic  add  exists  in  two  entirely  different  ison^ric 
modifications,  one  insoluble,  as  occuirnig  in  siliceous  stones 
and  roc&s ;  and  another  soluble,  as  found  in  plants  and  water. 

Almost  all  our  springs,  as  well  as  our  plants,  contain  small 
quantities  of  silicic  acid.  If  we  evaporate  spring-water,  we 
find  silica  in  the  insoluble  residue ;  and  if  we  burn  a  plant, 
we  obtain  it  in  the  ashes.  Ghrasses,  and  the  cQfferent  kinds  of 
grain,  are  particnlariy  rich  in  silica,  and  for  this  reason  they 
nave  been  called  siliceous  j[>l(mt8.  SiEca  is  to  these  plants  what 
bones  are  to  men, — ^the  substance  to  which  the  stalk  owes  its 
firmness  and  stiffiaess.  If  the  soil  is  deficient  in  soluble  silica 
(or  if  there  is  not  enough  potassa,  which  renders  the  silica 
soluble),  these  propCTties  will  be  wanting  in  the  stalk,  and  it 
will  bend.  The  norse-taQ  plant  (Equisetum)  contaios  so 
nmch  silica  that  it  may  be  used  for  polishing  wood.  Silicic 
add  is  found  even  in  tiie  animal  kingdom,  particularly  in  the 
class  of  Infusoria,  wMdi  are  only  visible  under  the  micro- 
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the  sheila  of  mmj  Infusom  axe  eomposed  of  aUde 


acid. 

The  combination  df  silicic  acid  with  bases  may  be  effected 
more  completely  hjfmion.  Most  of  the  silicates  thus  ob- 
tained are  amor^koug,  and  are  known  by  the  name  ^aas. 
Silicic  acid  has  m  this  respect  the  greatest  resemUance  to 
boradc  acid,  aad  it  also  lesemUes  it  in  being  an  extremelN^ 
feeble  acid  in  its  moist  state ;  but  when  heated,  on  aoeoont 
of  its  non-Yolatility,  it  surpasses  all  other  adds  in  strength. 
Alcme,  silicic  acid  can  only  be  melted  by  the  heat  of  the 
oin^hydrogen  blow-pipe. 

BETBOSPECT  OP  THE  OITGEIT  ACIDS. 

1.  Most  of  the  coBibinations  of  the  metall(»ds,  or  non- 
metallic  elements,  with  oxjrgen^  are  adds  (acid  oxides). 

2.  Most  of  tiie  combinations  of  the  metals  with  oxygen  are 
hoes  (banc  oxides). 

3.  The  acids  redden  blue  test-paper,  the  bases  colour  the 
red  paper  hlae  Twhen  they  are  soluble). 

4.  ^Hie  acids  naye  an  acid  taste,  and  the  bases  an  alkaline 
taste  (when  th^  are  soluble). 

6.  When  acids  and  bases  combine  together,  the  acid  as  well 
as  the  basic  properties  are  destroyed  (neutralisation),  and 
new  compounds  are  formed,  salts;  these  have  a  brackish 
taste  if  soluble  in  water,  but  are  tastdess  if  insoluble  in 
water. 

6.  The  prmcipai  characteristic  of  the  acids  is,  that  they 
combine  wM  hases^formmg  salts  ;  therefore  we  class  fdl  bodies 
which  do  this  among  the  acids,  eren  if  th^  do  not  possess  an 
acid  tasie  or  reaction.  The  same  rule  applicB  oonyersely  to 
the  based. 

7.  Most  <^  the  adds,  in  the  state  in  which  they  are  com- 
monly obtained  and  enployed,  are  chemically  combined  with 
a  fixed  quantity  of  vmter  Qiydcates).  Many  adds  cannot 
exist  without  water  (wat^  or  constitution),  oj  adding  more 
water,  we  obtain  the  diimted  mdd, 

8.  One  and  the  same  element  ofiken  forms  several  adds, 
with  difiS^rent^  but  alwaya  fixed,  quantities  of  oxygen. 

9.  l^e  adds  hare  dinbrent  affiiritiefl  for  bases;  some  ha^ 
agreater  affimty— £)r  exasipley  snlidniric  add;  others  a  leM, 
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as  carbonic  acid ;  the  former  is  called  a  strong^  the  latter  a 
feeble  acid.  Feeble  acids  may  be  expelled  from  their  combi- 
nations by  the  stronger  ones. 

10.  The  non-volatile  acids  are,  when  heated  (in  their  dry- 
condition),  mostly  stronger,  but  at  ordinary  temperatures  (in 
the  moist  condition)  weaker,  than  the  volatile  acids.  The 
strength  of  the  affinity  consequently  varies  according  to  the 
temperature. 

11.  The  acids  just  considered  are  called  in  a  strict  sense 
imjaen  acids,  because  they  contain  oxygen,  and  owe  to  it  their 
acid  properties. 

12.  The  combinations  of  oxygen  acids  with  bases  are  called 
in  a  strict  sense  oxy-salU, 

SECOND  GBOITP  :   HTDRACIDS,  OB  COMBINATIONS  OF  THE 
HALOGENS  WITH  HYDBOGEN. 

184.  As  oxygen  combines  with  the  metalloids,  forming 
acids,  so  also  hydrogen  can  convert  some  of  them  into  acids. 
The  Jive  halogens — chlorine,  bromine,  iodine,  jkborvne,  and 
cyanogen — are  acidified  by  hydrogen.  Oxygen,  as  has  been 
shown,  is  able  to  form  several  acids  with  one  and  the  same 
metalloid ;  for  instance,  with  sulphur  it  forms  sulphuric  and 
sulphurous  acids;-  with  nitrogen,  nitric  and  nitrous  acids, 
&c. ;  but  hydrogen  produces,  with  each  of  the  above-named 
halogens,  only  a  single  acid  or  combination. 

CHLOBINB  AND  HTDBOGEN,  MUBIATIO  ACID  (H  CI). 

185.  Uofperiment — Put  into  a  porcelain  capsule  a  few 
grains  of  common  salt,  and  pour  a  little  sulphuric  acid  upon 
them ;  there  escapes,  with  effervescence,  a  gas,  which  has  a 
pungent  odour,  an  acid  taste,  and  reddens  moistened  blue  test- 
paper  4  this  gas  is  muriatic  acid,  or  hydrochloric  acid.  If  yon 
pour  some  ammonia  upon  a  shaving,  and  wave  the  latter  to 
and  fro  over  the  capsule,  a  thick  white  smoke  is  formed ;  and 
the  odour  of  both  the  muriatic,  and  also  the  pungent  fumes 
of  the  ammonia,  vanish.  The  acid  fumes  are  neutralised  by 
the  volatile  base  contained  in  the  ammonia ;  there  is  formed 
an  odourless  salt  (chloride  of  ammonium),  and  in  such  a 
minute  state  of  subdivision,  that  it  floats  in  the  air.  We  can, 
in  this  way,  easily  determine  whether  the  air  contains  muriatic 
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acid,  or,  by  reversing  the  experiment,  whether  it  contains  am- 
monia, and  also  deprive  these  gases  of  their  suffocating  and 
injurious  properties,  and  remove  them  from  the  air. 

^a^eriment, — Mix  careftdly  in  a  flask  a  quarter  of  an 
ounce  of  water  with  three-quarters  of  an  ounce  of  sulphuric 

Kg.  100. 


acid,  and  afber  the  mixture  has  become  cold,  add  to  it  half  an 
ounce  of  common  salt.  Adapt  to  the  neck  of  the  flask  a 
cork  provided  with  a  glass  tjibe,  the  long  limb  of  which 
passes  into  a  phial,  containing  one  ounce  of  water.  If  you 
heat  the  flask  in  a  sand-bath,  the  muriatic  acid  escapes,  but 
more  quietly 'than  in  the  former  experiment,  because  the 
sulphuric  acid  has  been  somewhat  diluted.  The  tube  must 
only  just  dip  into  the  water;  for  should  it  reach  to  the 
bottom  of  the  phial,  the  whole  liquid  might  suddenly  flow 
back  into  the  flask,  if  the  heat  should  chance  to  slacken,  as 
it  might,  for  instance,  from  the  flickering  of  the  spirit-lamp 
by  an  accidental  current  of  air.  The  muriatic  acid  is  so 
eagerly  absorbed  by  the  water,  that,  when  the  evolution  of 
the  gas  diminishes,  a  vacuum  is  formed  in  the  tube  and  flask ; 
the  exterior  air  then  presses  more  strongly  upon  the  water 
and  forces  it  up.  (§  92.)  "When  a  gaseous  body  condenses 
into  a  liquid,  it  no  longer  requires  the  latent  heat  by  which 
it  became  gas  or  vapour,  and  therefore  this  heat  is  set  free. 
From  this  it  follows  that  the  water  in  which  the  muriatic 
acid  condenses  or  dissolves  must  soon  become  warm.    But 
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warm  water  takes  up  mucH  less  gas  than  cold ;  n/ccorim^f^ 
in  order  to  obtain  a  concentrated  solution  of  muriatic  acid 
gas,  we  must  place  the  phial  in  a  basin  of  cold  water.  When 
the  liquid  in  the  receiver  has  sufficiently  increased,  one  of 
the  blocks  must  be  withdrawn  from  beneath,  so  as  to  ke^ 
the  end  of  the  tube  near  the  surface  of  the  liquid.  The 
solution  thus  obtained  has  an  intensely  add  taste  and  reac- 
tion; it  is  called  hydrochloric  acid,  but  is  commonly  known 
under  the  name  oi  mtmatic  ctcid.  One  measure  of  water 
absorbes  more  than  four  hundred  measures  of  muriatic  acid 
gas ;  the  strong  muriatic  acid  thus  obtained  fumes  in  the 
air,  because  a  part  of  tlie  gas  escapes.  If  you  heat  it  to 
boiling,  then  half  of  it  escapes,  ana  an  acid  only  half  as 
strong  remains  behind ;  but  this  is  always  somewhat  heavier 
than  water. 

The  muriatic  acid  of  ccmunerce  is  commonly  yellow,  and 
contaminated  with  sulphurous  acid,  sulphuric  a(^,  chlorine, 
iron,  and  sometimes  even,  with  arsenic.  It  is  also  manu- 
factured from  common  salt  and  sulphuric  acid ;  but,  instead  of 
glass  vessels,  large  iron  cylinders  are  employed,  capable  of  con- 
taining some  hundred-weights  of  common  salt.  The  gas  is  con- 
ducted into  several  bottles  or  jars,  connected  with  each  other, 
and  which  are  filled  with  water.  "When  the  water  in  the 
first  vessel  becomes  saturated  with  the  hydrochloric  acid  gas, 
the  gas  passes  over  into  the  second,  then  into  the  third 
vessel,  and  so  on,  saturating  each  successively.  This  is  a 
Kg.  101.  VCTy  convenient  method  of 

conducting  gases  through 
liquids.  Such  vessels,  whidi 
are  commonly  provided  witii 
two  or  three  necks,  arecalled 
Woulfe'8  bottles.  The  up- 
right  tube  in  l^e  middle 
neck  serves  as  a  safety  tube, 
that  is,  it  prevents  the  liquid 
from  being  forced  back ;  if  a  vacuum  is  formed  in  one  of  the 
bottles,  t^  air  enters  through  this  tube. 

Commoii  salt  consists  of  chlorine  and  sodium ;  if  water  is 
added  to  it,  the  chlorine  will  abstract  from  it  hydrogen,  and 
the  sodium  oxygen,  and  muriate  of  soda  is  formed.    This  is 
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decomposed  by  the  more  pow- 
VolatUe.  erftil  sulphuric  acid,  which  com- 
bines with  the  base,  and  expels 
the  hydrochloric  acid.  The  sul- 
phate of  soda  (Grlauber  salts) 
remains  behind  as  a  white  salt, 
and  is  used  in  the  manufiacture  of  that  important  article, 
carbonate  of  soda. 

The  constituents  of  muriatic  acid  gas  are  equal  atoms 
of  chlorine  and  hydrogen,  and  it  is  represented  by  the 
symbol  H  CI. 

If  you  M  a  glass  vessel  half  with  chlorine  and  half  with 
hydrogen,  and  put  it  in  a  dark  place,  no  union  ensues ;  but 
it  takes  place  instantaneously  when  the  vessel  is  exposed  to 
t^e  direct  rays  of  the  sun.  The  union  is  accompanied  by  a 
violent  detonation,  which  often  breaks  the  vessel,  so  that 
it  is  not  advisable  to  perform  this  experiment.  But  it  proves 
that  light  also  compels  some  substances  to  combine  chemi- 
cally with  each  other. 

186.  Ikcperiments  with  Muriatie  Acid. 
Experiment  a, — Put  some  iron  nails  into  a  phial,  and  pour 
upon  them  some  muriatic  acid ;  brisk  effervescence  will  ensue. 
When  this  has  continued  some  minutes,  hold  a  burning 
taper  over  the  mouth  of  the  phial ;  the  gas  which  escapes 
tases  fire ;  it  is  hydrogen.  The  muriatic  acid  is  decomposed, 
and  its  second  constituent,  chlorine,  combines  with  the  iron. 
The  iron  disappears,  and  it  dissolves ;  that  is,  it  combines 
with  the  chlorme,  forming^  a  soluble  compound.  When  the 
effervescence  has  ceased,  heat  the  phial  by  placing  it  in  hot 
water,  and  afterwards  pour  its  contents  upon  a  filter  of  white 
blotting-paper.  Put  the  liquid  which  passes  through  {the 
filtrate)  m  a  cool  place ;  a  salt  is  deposited  from  it  in  green- 
ish crystals,  eallei  protochloride  of  iron  (Fe  CI),  that  is,  iron 
united  with  but  little  chlorine. 

Many  other  metals  are  also  dbsolved,  like  iron,  by  muriatic 
acid,  and  converted  into  salts. 

JExperiment  b. — Pour  some  muriatic  acid  upon  iron-rust 
that  has  been  put  into  a  test-tube ;  it  dissolves,  but  without^ 
evolution  of  gas.  In  this  case,  the  hydrogen  of  the  muriatic 
acid  meets  with  a  body  with  which  it  can  combine,  namely, 
the  oxygen  of  the  oxide  of  iron ;  and  it  does  combine  with 
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it,  forming  water.  The  jrellowisli-brown  solution,  which  it  is 
difficult  to  crystallise,  yields,  upon  evKKMration,  a  brown 
mass  called  sesquicMoride  of  iron  (Ee,  C^).  Tins  aalt^xiii- 
tains  one  half  more  chlorine  than  the  former,  yprtgtiy  acid 
is  very  often  used  for  dissolving  metallic  oxidei. 

Mcperiment  c. — ^Dissolve  some  crystals  of  the  protochloride 
of  iron,  obtained  according  to  experiment  a,  in  a  little  water, 
and  then  add  some  chlorine  water ;  the  greenish  colour  » 
converted  into  a  yellow  colour,  and  the  solution  yields,  on 
evaporation,  brown  sesmiiciloride  of  iron.  The  chlorine 
combines  with  the  protochloride  of  iron,  and  converts  it  into 
sesquichloride  of  iron. 

JEJa^eriment  d, — Dissolve  some  carbonate  of  soda  in  water ; 
the  solution  turns  red  test-paper  blue ;  it  has  a  basic  re- 
action. Drop  careMly  into  the  solution  some  muriatic  ac»d, 
until  neither  the  red  nor  the  blue  paper  is  affected  by  it. 
Thus  muriatic  acid,  just  like  an  oxygen  acid,  has  the  power 
of  neutralising  bases.  If  you  put  the  liquid  in  a  warm  place 
a  salt  will  be  deposited  in  small  cubes ;  you  readily  perceife, 
both  by  the  shape  of  the  crystals  and  by  the  taste,  that  it  is 
common  salt.  Here  also  the  oxygen  of  the  base  has  com- 
biued  with  the  hydrogen  of  tiie  muriatic  acid,  forming 
water,  but  the  chlorine  with  the  sodium,  forming  common 
salt.  The  carbonic  acid  o£  the  carbonate  of  soda  escapes 
with  effervescence. 

Experiment  e, — If  you  drop  into  a  test-tube  some  muriatic 
acid,  and  then  a  few  drops  oi  a  solution  of  nitrate  of  silvOT 
(lunar  caustic),  a  white  cloudiness  is  formed,  which  does  not 
happen  in  pure  water.  This  cloudiness  proceeds  from  the 
chloride  of  silver,  which  is  insoluble  in  water.  Nitrate  of 
silver  is  the  most  accurate  test  fear  muriatic  acid  and  its 
salts. 

If  muriatic  acid  is  diluted  with  from  800  to  900  parts 
of  water,  and  is  poured  upon  land,  it  exhibits  a  fertilising 
power,  like  that  of  sidphunc  acid.    (§  173.) 

187.  ffaloid  Salts, — Like  chlorine,  the  f^h&r  salt  pro- 
ducers, or  halogens,  also  combine  with  metals  forming  salts ; 
these  salts  are  called  haloid  salts.  As  has  been  shown,  they 
may  be  prepared — 

1.)  By  uniting  a  halogen  with  a  metal    (§  156.) 

2.)  By  imiting  a  halogen  with  a  metallic  oxide.     (§  162.) 

3.)  By  the  solution  of  a  metal  in  a  hydrogen  acid.  (§186.) 


AQTTA  BXGIA.  168 

4.)  Bj  the  solution  of  a  metallic  oxide  in  a  hydrogen  acid. 
(§186.) 

If  the  two  last-mentioned  uurfcances  be  attentirelj  con- 
sidered, it  may,  perhaps,  appear  surprising  why  it  was  not 
assumed  that  muriatic  add  combined  with  the  base  without 
further  decomj)osition,  iust  as  it  was  assumed  with  regard 
to  sulphuric  acid,  and  the  other  oxygen  acids.  This  cannot 
generily  happen,  because  many  of  the  haloid  salts,  when 
th^  are  quite  diy,  contain  neither  oxyg^i  nor  hydrogen. 
Complete^  dried  common  salt,  for  example,  contains  no 
hydrochloric  acid,  but  chlorine — ^no  oxide  of  sodium,  but 
sodium ;  as  has  been  aacertj^ned  by  the  most  accurate  ex- 
periments. But  if  the  haloid  salts  contaia  water,  or  are 
dissolved  in  water,  then  they  may  certainhr  be  regarded  as 
consisting  of  a  base  and  a  hydrogen  acid,  n)r  it  amounts  to 
the  same  thing,  whether  the  hydrogen  be  considered  as  ex- 
isting in  the  water  or  in  the  hydrog^i  acid,  the  oa^gen  in 
the  water  or  in  the  metallic  oxide.  A  scthition  of  conmon 
salt  may  accordingly  be  regarded  eiliier  as  cUoride  of 
sodium  and  water,  or  as  muriate  of  soda.  (Na  01  +  H  0 
is  the  same  as  Na  O,  H  CI.) 

Eormerly  the  combinations  of  chkrine  with  the  metals 
were  imiversally  called  muriates.  The  names,  muriate  of 
lime,  muriate  of  baryta,  muriate  of  oxide  of  iron,  &c.,  have 
therefore  the  same  signification  as  chloride  of  calcium,  chlo- 
ride of  barium,  chloride  of  iron,  &c.  When  chlorine  com- 
bines with  a  metal  in  several  proportions,  the  combination 
with  less  chlorine  is  called  protochloride,  that  with  more 
chlorine,  perchloride,  and  that  with  still  more  chlorine,  per- 
chloride.  (§  154.)  If  water  is  contained  iu  them,  or  if  they 
are  dissolved  in  it,  the  protochlorides  may  be  regarded  also 
as  protomtmates,  and  the  perchlorides  na  permttriates ;  for 
example : 

Protochloride  of  iron  and  water  is  the  same  as  the  proto- 
muriate  of  the  protoxide  of  iron : 

(FeCl-|-HO  =  FeO,HCL) 

Perchloride  of  iron  and  water  is  the  same  as  tiie  muriate 
of  the  peroxide  of  iron : 

(Fej  Cl,  +  3  H  0=Fe2  d  +  8  H  CI) 

AQUA.  BEGIA,  OB  lOTBO-inmiATIO  ACID  (2  H  CI  +  N  Oj). 

188.  Experiment — Put  into  a  glass  one  drachm  of  nitric 
add,  and  into  another  two  drachms  of  pure  imixiatic  t^di, 

1.2 
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and  add  to  each  some  genuine  gold-leaf;  it  will  not  be  dis- 
solved. But  if  both  liquids  are  mixed  together,  the  gold 
very  soon  disappears,  because  it  is  dissolved.  Gold  is  deemed 
the  king  of  metals,  hence  the  name  a^iut  regia.  On  evapora- 
ting this  solution,  a  yellow  salt  remams  behind,  which  con- 
sists of  gold  and  chlorine.  As  the  muriatic  acid  did  not 
voluntarily  give  up  its  chlorine  to  the  gold,  it  is  highly  pro- 
bable that  it  was  compelled  to  do  so  by  the  nitric  acid. 
This  process  may  be  easily  explained,  if  we  refer  to  the  pre- 
paration of  chlorine  from  muriatic  acid  and  the  black  oxide 
of  mangaiiese.  The  nitric  acid  acts  upon  the  muriatic  acid 
just  like  the  manganese ;  it  contains,  like  the  latter,  much 
oxygen,  and  parts  with  it  very  readily.  This  happens  also 
in  the  present  case,  and  the  liberated  oxygen  abstracts  from 
the  muriatic  acid  its  hydrogen,  to  form  water.  Conse- 
quently the  chlorine  is  set  free,  which,  being  a  simple  and 
strong  chemical  body,  immediately 
unites  with  the  gold,  which  is  like- 
wise a  simple  body.  The  nitric  acid 
loses  thereby  two  atoms  of  its  oxy- 
gen, and  is  converted  into  nitrous 
acid,  which  escapes  in  yellowish 
fumes. 

Aqua  regia  is  employed  for  dissolving  gold  and  platinum, 
neither  of  which  metals  is  attacked  by  other  acids. 

BEOMINE,  lODIlfB,  AND  FLUOBIKE,  +  HTDBOGEK, 

189.  Hyd/rolromic  and  Hyd/riodic  Acids, — ^Both  of  these 
acids  closely  resemble  muriatic  acid.  Their  combinations 
with  metals  are  called  protobromides,  perbromides,  proti- 
odides,  and  periodides,  &c.,  of  the  metals.  They  occur  in 
nature  accompanying  common  salt,  consequently  in  sea- 
water  and  marine  plants,  in  salt  springs,  &c.,  but  only  in 
minute  quantities. 

190.  Hydrofluoric  Acid, — JEaperiment — ^Eub  to  a  powder 
Fig.  102.  *  piece  of  fluor-spar,  of  the  size  of  a 

hazel-nut,  and  put  it  into  a  small  mortar, 
which  has  been  previously  rubbed  with 
oiled  paper;  then  pour  sulphuric  acid 
upon  it  till  a  thin  paste  is  formed.  Cover 
the  mortar  with  a  piece  of  window-glass, 
which  has  received  a  coating  of  wax,  and  from  some  parts  of 
which  the  wax  has  been  removed  by  scratching   with   a 
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needle,  op  other  pointed  instrument.  Afber  the  lapse  of 
some  hours  remove  the  wax  hy  melting  it,  and  then,  ruhbing 
it  off  with  oil  of  turpentine,  those  parts  of  the  glass  left 
tare  will  be  found  to  be  corroded, 

Ehior-spar  consists  of  fluorine  and  calcium,  and  is  decom- 
posed by  sidphuric  acid,  in  the  same  manner  as  common  salt 
was;  hydrofluoric  acid  is  formed  and  escapes  in  vapour. 
TMa  acid  has  the  property  of  dissolving  silica;  therefore  it 
withdraws  the  latter  from  the  glass,  where  it  is  not  protected 
by  the  wax,  and, the  glass  consequently  becomes  rough  and 
opaque.  In  this  manner  drawings  are  often  etched  on  glass. 
By  conducting  the  fumes  into  water,  liquid  hydrofluoric  acid 
is  obtained,  which  may  likewise  be  employed  for  etching  on 
glass.  Lead  or  platinum  vessels  must  be  used  in  the  pre- 
paration of  it,  on  account  of  its  property  of  corroding  glass 
and  porcelain.  We  also  find  fluoride  of  calcium,  in  small 
quantities,  in  the  bones  and  teeth  of  the  mammalia. 

CTAirOGEN  AND  HYDBOGEK,  HTDBOOYANIC  ACID  (H  Cy). 

191,  The  great  similarity  which  Oycmo^en,  composed  of 
carbon  and  nitrogen,  has  to  the  halogens,  is  also  manifested 
by  its  combining  with  hydrogen,  forming  an  acid.  This  com- 
bination is  the  notorious  jprussic  or  hydrocyanic  acid,  a  few 
drops  of  which  are  sufficient  to  kill  instantaneously  a  small 
animal.  As  muriafic  acid  is  obtained  from  chlorides  by  sul- 
phuric acid,  so  prussic  acid  is  also  obtained  from  the  cyanides 
by  means  of  sulphuric  acid,  and  it  is  also  gaseous,  like 
mmriatic  acid.  To  obtain  it  in  a  liquid  form,  the  gas  is  con- 
ducted into  water,  or  alcohol,  by  which  it  is  absorbed.  It  is 
colourless,  Hke  water,  and  it  is  easily  recognised  by  its  strong 
oppressive  odour,  which  is  very  similar  to  that  of  bitter 
aunonds.  Such  a  dangerous  article  should  only  be  prepared 
by  experienced  persons.  Prussic  acid  is  found  also  in  small 
quantities  in  some  seeds,  particularly  in  bitter  almonds,  and 
an  the  kernels  of  stone  fruits,  as  plums,  apricots,  &c. 

Prussic  acid  combines  with  bases,  forming  water  and 
metaUie  cyanides  (protocyanides  and  percyanides).  The 
most  &miliar  of  these  are  the  yellow  ferrocyamde  of  potassium 
(prussiate  of  potassa),  and  the  blue  ferrocyanide  of  iron 
(Prussian  blue). 

BETBOSPEOT  OF  THE  HTDBOGEN  ACIDS. 

1.  The  haloids  or  halogens  —  chlorine,  bromine,  iodine, 
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fluorine,  and  cyanogen — ^fonn  adds^  not  only  with  oxygen, 
but  also  with  hydrogen. 

2.  The  halogens  have  a  greater  prefer^oce  for  h/drogen 
than  for  oxygen ;  hence,  when  they  haye  the  choice,  mey 
always  combine  with  the  former. 

3.  Hydrogen  unites  with  the  halogens  only  in  one  prth 
portion;  consequently,  each  of  thran  forms  only  one  single 
nydrogen  acid. 

4.  All  the  hydrogen  acids  hare  the  same  con^tuiion; 
they  always  consist  of  equal  atoms  of  a  halogen  and  hy* 
drogen. 

6.  The  hydrogen  *acidfl  combine  with  the  metals,  forming 
chlorides,  bromides,  &c.,  whilst  their  hydrog^a  escapes. 

6.  These  combinationB  of  ihe  halogens  with  the  metals 
possess  exactly  the  properties  o£  salts ;  for  this  reason  they 
are  called  haloid  salts. 

7.  The  hjrdrogen  acids  combine  with  the  bases  or  metallic 
oxides,  forming  haloid  salts  and  water. 

8.  If  water  is  present  in  the  haloid  salts,  they  may  be  re- 
garded as  combinations  of  the  hydrogen  acids  mih.  bases,  or 
as  hydrogen  acid  salts,  just  as  the  oxygen  salts  are  regarded 
as  combinations  of  oxygen  acids  with  bases. 

9.  Itfanv  metals  combine  with  the  halogens  in  seyeral, 
generally  m  two,  proportions.  When  the  halogen  is  in  ex- 
cess, they  are  called  perchlorides,  perbromides,  &c. ;  but  when 
deficient,  they  are  called  yrotochlorides,  protobromides,  Ac. 
He  former  correspond  with  the  peroxiife  salts,  the  litter 
with  the  protoxide  salts. 

BBTBOSPEGT  Or  THE   COKSnTATIOFS   OF  THE  KETALIiODIS 
WITH  OXraEK  AJSTD  HTDBOGSN. 

192,  The  combinations  which  hydrogen  forms  with  the 
halogens  have  here  been  grouped  together,  because  they 
have  the  greatest  similarity  to  each  other.  These  combina- 
tions possess  i^e  distinctive  diaracters  of  strong  acids.  The 
otiier  metalloids  can  also  combine  with  hydrogen,  but  they 
do  not  fCTm  acids  with  it,  sulphur  i^one  being  an  exc^^tion, 
the  combination  of  which  with  hydrogen  certainly  comports 
itself  like  an  acid,  though  only  as  a  very  feeble  one.  (§  132.) 
The  contrary  occurs  with  nitrogen ;  this  forms  with  hydrogen 
a  base,  ammonia.  The  combina>tions  of  the  other  metalloids 
with  hydrogen,  some  of  which  have  already  been  treated  of 
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under  the  separate  metalloids,  exhibit  neither  basic  nor  acid 
properties ;  they  are,  on  this  account,  called  neutral  or  in- 
di^rent  bodies.  Oxygen  and  hydrogen  constitute  the  indif- 
ferent body,  inrater;  carbon  and  hydrogen,  the  indifferent 
illuminating  and  marsh  gas ;  phosphoms  and  hydrogen  form 
phosphuretted  hydrogen,  also  an  indifferent  body. 

The  combinations  which  oxygen  forms  with  the  non-metallic 
elements,  or  metalloids,  are,  indeed,  mostly  acids,  but  we  find 
among  them  some  which  possess  an  indifferent  character; 
namely,  nitrous  and  nitric  oxides  (N  O  and  N  Oj),  the  oxide 
of  phosphorus,  and  carbonic  oxide  gas  (CO).  As  is  ob^ 
yious,  the  combinations  with  the  lecut  quantity  of  oxygen  are 
those  in  which  the  add  properties  are  developed  on  the 
increase  of  the  oxjgen,  ana  most  strongly  in  those  combina- 
tions which  contam  the  greatest  quantity  of  oxygen. 

Since  the  combinations  which  the  metalloids  form,  on  the 
one  hand  with  oxygen,  and  on  the  other  with  hydrogen,  are 
among  the  most  important  and  most  interesting  chemical 
bodies^  an  approximative  idea  of  the  strong^  of  the  affinities 
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which  each  of  the  metalloids  possesses  for  these  two  elements 
may  be  shown  by  the  annexed  scheme.  The  size  of  the  circles 
represents  the  aflinity  for  oxygen,  that  of  the  squares  the 
affinity  for  hydrogen.  Prom  this  it  is  apparent  that  the 
partiality  of  the  metalloids  for  hydrogen  mcreases  in  pro- 
portion as  it  diminishes  for  oxygen,  and  the  reverse. 

THIBD  GBOUP:   OBGAITIC  AX3IDS. 

193.  The  o^gen  and  hydrogen  acids  are  commonly  called 
inorganic  or  mineral  acids,  because  they  are  principally  found 
in  the  mineral  kingdom,  or  prepared  artificially  from  minerals 
and  earths.  But  there  are,  besides,  many  other  acids,  found 
either  already  existing  in  animals  and  plants  (formic  acid, 
citric  acid),  or  which  may  be  artificially  produced  from  or- 
ganic substances  (lactic  ^acid,  acetic  acid).  Such  acids  are 
called  orgcmic,  or  vegetable  and  animal  acids.  They  have  the 
greatest  similarity  to  the  inorganic  acids  in  their  properties 
and  combinations,  but  not  in  their  constitution.  Three  of 
them  only  will  be  treated  of  at  present  as  examples  of  this 
class  of  acids,  one  a  volatile,  and  the  other  two  non-volatile 
acids ;  the  acids  will  be  considered  in  the  second  and  third 
parts  of  this  wort 

TAETAEIC  ACID  (H  0,  t). 

194.  Tartaric  acid  has  very  much  the  appearance  of  a  salt ; 
it  crystallises  in  colourless  oblique  prisms,  which  are  perma- 
nent in  the  air,  and  have  a  very  acid  taste. 

Experiment. — Place  a  small  ciystal  of  tartaric  acid  upon  a 
piece  of  platinum  foil,  and  h^at  it  Qver  the  fiame  of  a  spirit- 
lamp  ;  it  will  first  melt,  then  become  brown,  and  finally  black, 
Fi    104  °^^  ^^^  ^^  ^^^  ^2imB  time  a  peculiar 

^*  empyreumatic  odour.     If,   durmg  the 

process  of  charring,  you  hold  over  the 
acid  a  dry,  cold  glass  vessel,  it  will  be- 
come lined  with  globules  of  water ;  con- 
sequently the  acid  contains  oxygen  and 
hydrogen.  The  dark  residue  resembles 
charcoal,  but  it  is  more  certainly  recog* 
nised  as  such  by  its  burning  completely  at  a  higher  heat. 
Accordingly,  tartaric  acid  has,  when  heated,  the  greatest  simi- 
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lariij  to  burning  wood.  In  &ct,  it  consists  of  the  same  ele- 
m«it8,  namely,  carbon,  hydrogen,  and  oxygen,  but  in  different 
proportions.  All  vegetable  acids  constat  tfC,  H,  and  O,  and 
are  charred  and  consumed  on  hei/ng  heated.  By  these  two  cha-: 
racteristics  the  organic  acids  are  essentially  distinguished 
£rom  the  inorganic,  which  consist  only  of  two  elements,  and 
which  are  neither  charred  nor  consumed  in  the  fire. 

Mifperiment. — Pour  a  little  warm  water  over  some  tartaric 
add ;  it  will  dissolve  therein,  for  it  is  readily  soluble  in  water. 
If  you  dilute  the  solution  with  more  water,  and  put  it  aside 
in  a  moderately  warm  place,  slimy  flakes  will  be  deposited, 
and  the  add  taste  will  gradually  be  lost — it  putrefies.  Li  a 
similar  manner,  all  organic  acids,  when  they  are  ^uted  with 
water,  decompose  afber  a  time. 

Mpperiment — Mix  gradually  a  solution  of  tartaric  acid 
with  ammonia ;  there  will  be  a  period  when  the  acid  proper- 
ties of  the  tartaric  add,  and  the  basic  ones  of  the  ammonia 
wfll  have  disappeared.  Accordingly,  tartaric  acid,  just  like 
other  adds,  can  neutralise  bases,  and  form  with  them  salts. 
The  tartrate  of  ammonia  obtained  is  easily  soluble. 

JExperiment — Neutralise  a  solution  of  carbonate  of  po- 
tassa  with  a  solution  of  tartaric  acid;  the  carbonic  acid 
escapes;  the  liquid,  however,  remains  clear,  because  the 
neutral  tartrate  of  potassa  (K  O,  1!*)  formed  is  an  easily 
soluble  salt.  But  by  adding  yet  more  tartaric  acid,  the 
liquid  becomes  turbid,  and  deposits  a  quantity  of  small  irans- 
parent  crystals,  which  are  difficultly  soluble  in  water,  have 
an  acid  taste,  and  contain  twice  as  much  acid  as  the  neutral 
salt,  besides,  also,  some  water  of  crystallisation.  These  crys- 
tals are  called  acid  tartrate  of  potassa,  or  bitartrate  of  po» 
tassa  (K  0, 2  T  +  H  O) ;  commonly,  tartar,  or  when  they  are 
pulverised,  cream  of  tartar.  The  salts  of  potassa  may  ac- 
c<Hfdingly  be  used  as  a  test  for  tartaric  add, 

TaHaric  acid  is  generally  prepared  from  tartar  or  argol, 
whidi  is  obtained  in  large  quantities  from  the  wine  coimtnes, 
where  it  is  deposited  from  wines  in  the  casks,  as  a  white  or 
reddish  crust.  The  potassa  might  be  very  easily  removed 
from  this  salt  by  means  of  sulphuric  acid ;  but  then  two 
soluble  substances  would  be  obtained,  which  could  not  well 
be  separated  from  each  other.  For  this  reason,  the  potassa 
is  first  replaced  by  another  base,  namely,  by  lime,  which  forms 
with  sulphuric  add  an  insoluble,  or  at  least  very  diflScultly 
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Bohible  componndL  By  boiling  tarfcar  with  water,  and  add- 
ing chalk  to  it,  then  tartrate  of  Ume  is  obtained,  as  a  white 
insoluble  powder;  if  this,  after  being  suflcientlj  washed,  ia 
pot  by  for  some  time  with  water  and  Btdphnnc  md  in  n 
warm  place  (digested),  the  latter  unites  with  the  lime,  mod 
fcnrms  sulphate  of  Ume,  whilst  the  tartaric  acid,  b^ng  set  free, 
dissolves  m  the  water,  and  oystallises  from  l^e  sohrtkm  after 
eyamration. 

^e  chemist  is  often  obliged  to  i^esort  to  mch  drcuitous 
means  in  order  to  separate  two  bodies  from  each  other,  bolii 
of  which  are  equally  soluble  in  water  or  in  some  other  liquid. 

JSijpperiment, — Jf  you  heat  the  crystalline  powder  of  tartar, 
obtained  in  the  former  experiment,  on  platmum  foil,  it  will, 
like  the  tartaric  acid,  become  black,  and  bums  with  an  em- 
pyreumatic  odour ;  but  there  will,  however,  finallj  remain  a 
white  powder,  whi<^  has  an  alkaline  taste,  a  basic  reaction, 
and  which,  on  the  addition  of  an  acid,  wiU  effervesce  Hke 
carbonate  of  potassa.  The  acid  bums  up,  but  not  the  alkali ; 
on  the  combustion  of  the  acid,  carbonic  acid  is  formed, 
which  combines  with  the  potassa ;  consequently,  carbonate 
of  potassa  is  formed.  All  salts  of  the  auLaHes,  or  alkaline 
earths,  with  an  organic  acid,  are  in  t^e  same  way  decomposed 
by  heat,  and  converted  into  carbonates. 

195.  We  can  decompose  sulphuric  acid  into  su^hor  and 
oxygen ;  and  from  sulphur  and  oxygen  we  can  again  repro- 
duce sulphuric  acid.  Kot  so,  however,  with  tartaric  acid ; 
we  may  succeed  in  demolishing  it,  but  it  is  beyond  our  pow» 
to  r^roduce  it  again.  We  eamnot  ttriificiaU^  produce  the 
^rgamie  acids  from  tkeir  dements.  We  are  still  igaaaasat  how 
they  are  formed  in  plants  and  animals.  All  thi^  is  known 
on  this  point  concerning  the  vegetable  acids  is,  that  they  aze 
formed  from  carbonic  acid  and  water,  the  two  chief  sources  of 
the  nourishment  of  vegetables.  But  by  what  pow^,  and  ia 
what  mann^,  these  two  bodies  are  forced  to  combine  in  the 
grape-vine  to  form  tartaric  acid,  in  the  &uit  of  the  lenuMi- 
laree  to  form  citric  acid,  in  apples  to  form  malic  acid,  Ac.,  we 
are  entirely  ignorant.  We  here  stand,  as  it  were,  on  the 
boundary  line  of  our  knowledge ;  wheth^  it  will  be  per- 
mitted to  us  at  some  fiiture  period  to  advance  beyond  this 
limit,  further  investigaticms  must  show.  In  the  mean  time 
we  must  assume  that  the  unknown  power  which  causes  the 
shoots,  leaves,  and  blossoms,  to  put  forth  from  the  seeds,- 
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mQ  it  Titalpower, — ii  alao  able  to  produce  chemical c(»abina- 
iwni  and  aecompositions  more  pow^iil  and  manifold  than 
ifc  is  possible  for  the  chemist  to  aoeomplish  in  his  retorts  and 
cnudbks.  In  this  sense  we  regard  the  organic  acids,  as  in 
g<rai^*aL  all  organic  substances,  as  the  ebemic<dfroduetions  of 
tke  vital  aeiMty  of  plants  and  animals. 

Theoigank  adds  are  bnefly  designated  bj  a  horiz<mtal  line 
^aoed  above  their  initials.  The  Latin  name  for  tartar  is  tat' 
torus;  l^e  symbol  for  tartaric  acid  is  T. 

OXALIC  ACID  (H  O,  O,  or  H  O,  O2  O3). 
196.  Experiment, — ^Heat  with  free  access  of  air,  in  a  por- 
Ilg.  105.  ceiain  dish,  one  fourth  of  an  ounce  of  sugar,  mixed 
with  one  and  a  half  ounce  of  ccmcentrated  nitric 
acid,  and  one  ounce  of  water.  In  a  short  time  a 
strong  evolution  of  yellowish-red  frimes  (N  Oj)  will 
commence.  Continue  boiling  until  these  vapours 
cease,  and  then  put  the  liquid  in  a  cool  place;  co- 
lourless ciTstals  (oblique  rhombic  prisms)  will  be  se- 
parated, which  must  be  purified  by  recrystallisation. 
They  have  an  intensely  strong  acid  reaction,  and  are 
poisonous ;  they  are  called  Molie  acid.  This  acid, 
like  most  acids,  contains  water  chemically  combined, 
without  which  it  cannot  exist. 
JBspperiment, — ^Pourinto  a  test-tube  twenty  grains 
of  oxahc  acid,  and  one  dradnn  of  fuming  sulphuric  acid,  and 
earefuUy  heat  the  mixture ;  a  gas  wiH  be  evolved.  Let  this 
pass  through  lime-water  contained  in  another  test-tube.  One 
naif  of  the  escaping  sas  is  absorbed  by  the  lime-water,  which 
therebv  becomes  turbid;  this  is  carbonic  add  (C  O,).  Mie 
other  half  escapes  through  the  open  tube,  and  bums,  when 
kindled,  with  a  bluish  flame ;  this  is  carbonic  oxide  gas  (C  O). 
When  the  evolution  of  gas  ceases,  there  wiQ  be  found  in  the 
fast  test-tube  common  su^huric  acid ;  consequently,  the 
foming  sulphuric  acid  has  received  water,  namely,  the  chemi- 
cally combined  water  contained  in  the  oxalic  acid.  The  oxalic 
ftdd,  when  it  loses  its  water,  is  resolved  into  the  two  gases 
just  mentioned ;  it  may,  accordingly,  be  regarded  as  a  combi- 
luition  of 

laitoraC  Qi, 
Mid  1  atom  C  O, 
or    CflQi. 
On  comparing  this  constitution  with  that  of  sugar,  ib  will 
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be  seen  that  the  sugar  contains  still  more  carbon  than  the 
oxalic  acid,  besides  some  hydrogen ;  consequently  a  portion 
of  its  carbon,  and  all  its  hydrogen,  must  have  been  withdrawn^ 
This  was  done  by  the  oxygen  of  the  nitric  acid,  which  oxjrgen, 
uniting  with  the  carbon,  Srmed  carbonic  acid,  and  with  the 
hydrogen,  formed  water.  This  process  may  be  regarded  as 
a  combustion  (oxidation)  in  the  moist  way.  Sugar  has  ex- 
actly the  same  constituents  as  wood.  If  a  wood-shaving  be 
ignited^  at  first  the  hydrogen  principally  bums,  because  it  is 
very  readily  combustible ;  at  kst  principally  the  carbon,  be- 
cause this  bums  with  more  difficulty.  (§  120.)  The  same 
succession  of  phenomena  also  takes  place  on  the  boiling  ^ 
sugar  with  nitric  acid ;  the  hydrogen  is  at  first  principalqt 
oxidised,  and  afterwards  the  carbon;  but  the  latter  only  jmin 
tially,  on  account  of  the  insufficient  supply  of  nitric  acid,  just 
as  wood  is  only  partially  consumed  when  there  is  a  deficienq^^ 
in  the  supply  or  the  air.  The  partly  consumed  wood  (char- 
coal) bums  completely  if  we  heat  it  still  longer  in  the  air; 
it  is  converted  into  carbonic  acid  by  the  oxygen  of  the  an^ 
Partly  burnt  sugar  (oxalic  acid)  consumes  completely  whie^ 
we  boil  it  with  still  more  nitric  acid ;  it  is  converted  ii^ 
carbonic  acid  by  the  oxygen  of  the  nitric  acid. 

197.  ExperimenU  with  Oxalic  Acid. 

Experiment  a, — Place  some  crystals  of  oxalic  acid  upon  ^ 
piece  of  platinum  foil,  and  hold  them  in  the  flame  of  a  spirit* 
lamp.  They  melt,  take  fire,  and  bum  without  becoming 
hlack  or  leaving  any  residue.  The  product  of  the  combus- 
tion is  carbonic  acid ;  Gs  Os  and  O  (from  the  air)  are  con- 
verted into  2  C  O,. 

Experiment  h. — Neutralise  a  hot  concentrated  solution  of 
oxalic  acid  with  a  hot  concentrated  solution  of  carbonate  of 
potassa ;  neutn^  oxalate  of  potassa  (K  O,  C,  O,),  an  easily 
soluble  salt,  is  formed.  K  you  now  add  as  much  more  oxali^ 
acid,  hard  crystals  will  be  deposited  on  cooling,  which  have  an 
acid  reaction ;  they  are  called  acid  oxalate,  or  binoxalate  of 
potassa.  One  atom  of  potassa  can  thus  combine  with  two 
atoms  of  acid.  As  has  been  previously  stated,  salts  with  two 
atoms  of  acid  are  called  acid  salts.  The  binoxalate  of  potassa  is 
Hkewise  formed  by  the  vital  process  in  many  plants,  and  it  is 
found  abundantly  in  the  leaves  of  the  wood-sorrel  (Oxalis), 
from  which  it  may  be  obtained.  The  acid  salt  is  far  less 
soluble  than  the  neutral. 
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Ikcperiment  e. — ^Heat  some  binoxalate  of  potassa  upon 
platinum  foil ;  like  the  tartar,  it  will  be  converted  into  car- 
bonate of  potassa,  but  without  hemg  carbonised  or  blackened. 
The  oxalic  acid  is  thereby  converted,  as  above,  into  carbonic 
acid  and  carbonic  oxide,  and  a  portion  of  the  former  combines 
witb  the  potassa. 

JExperiment  d, — ^Agitate  a  little  sulphate  of  lime  with 
water  and  let  the  liquid  settle ;  the  decanted  water  contains  a 
small  quantity  (7^)  of  the  sulphate  in  solution.  If  a  solution 
of  oxalic  acid  is  poured  upon  this  solution,  you  will  soon  obtain 

a  precipitate  of  oxalate  of  lime ; 
Flaid.  consequently  oxalic  acid  has  a 
greater  affini^  for  lime  than 
sulphuric  acid  has,  since  it  is 
Solid,  able  to  displace  the  latter  acid. 
The  decomposition  takes  place 
jnore  rapidly  and  perfectly  when  the  oxalic  acid  has  oeen 
previously  neutralised  by  ammonia  ^N  Hj),  because  another 
n  body  is  thus  presented  to  the 

Soluble.  Bulphuric  acia,  for  which  the 
latter  has  a  greater  affinity 
Not  than  for  the  water ;  it  becomes 
|Sohible.  thereby  more  ready,  as  it  were, 
to  release  the  lime.  Oxalic  acid  is  the  best  test  for  lime  and 
lime  salts. 

Experiment  e. — ^Add  some  spoonfuls  of  water  to  a  piece  of 
green  vitriol  of  the  size  of  a  pea,  and  moisten  with  the  solu- 
tion a  piece  of  white  blotting-paper ;  when  this  has  imbibed 
the  liquid,  spread  over  it  some  ammonia.  The  ammonia 
withdraws  the  sulphuric  acid  from  the  green  vitriol,  and 
protoxide  of  iron  must  consequently  be  separated  in  and  upon 
the  paper,  to  which  it  imparts  a  greenish  tinge.  On  drymg, 
the  protoxide  of  iron  becomes  converted  into  sesquioxide  of 
iron,  and  the  green  colour  is  at  the  same  time  changed  to 
yellow.  In  a  similar  manner,  cotton,  and  other  fabrics,  are 
often  dyed  brown  or  yellow.  Mix  some  oxalic  acid  with  water 
into  a  thin  paste,  and  dot  the  yellow  paper  with  it  in  several 
places ;  the  colour  will  soon  cUsapnear  from  these  spots,  and 
you  obtain  a  white  pattern  on  a  yellow  ground.  Oxalic  acid 
easily  dissolves  sesquioxide  of  iron,  and  both  are  removed  by 
Washing.  TJpon  this  is  founded  tbe  important  use  of  this  acid 
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in  calieo  printing,  as  Hkewise  its  apj^ieation  {or  the  removal 
of  ink-spots  from  linen  or  paper.  One  of  the  principal  con- 
stituents of  ink  is  oodde  of  uron,  irindi  being  dissolved  by 
the  oxalic  acid,  the  black  colour  of  the  ink  diss^pears  also. 
This  explains  why,  on  removing  ink-spots  by  oxislic  acid  op 
salt  of  sorrel  (which  acts  in  the  same  manner  as  the  free  add) 
from  yeUow  and  brown  articles  of  dress,  the  colour  of  which 
generally  depends  upon  oxide  of  iron,  the  colour  of  the  stuff 
also  disappears. 

ACETIC  Acm  (h  0^  i). 

198.  Vinegar  is  likewise  a  vegetaible  acid,  it  k  oftea 
formed  spontaneously,  when  we  do  not  wsnt  it^  as  wbai 
sweet  or  spirituous  liquors,  thin  sympa^  tibe  jiiiee  of  firoit^ 
wine,  beer,  &c^  remain  exposed  to  the  air.    Tbe  sugar  is 

gradually  converted  into  alcohol,  which  becomes  vinegar 
when  access  to  the  oxygen  of  the  air  is  not  prevented.  But 
the  method  by  which  this  takes  place  will  not  be  considered 
until  sugar  and  alcohol  are  treated  of.  We  shall  now  waefij 
describe  the  method  of  preparing  strong  aeetic  mad  ham 
crude  vruegar. 

Our  common  vinegar  contains  in  eroy  pound  only  from 
half  an  ounce  to  two  ounces  of  acetic  acid ;  the  rest  is  water. 
If  you  boil  vinegar,  the  acid  smell  of  the  fumes  indicates  that 
the  acid  contained  in  it  is  volatile ;  therefore  it  cannot,  like 
other  acids,  be  made  stronger  by  evaporation  j  but  this  may 
be  done  in  the  following  manner. 

Micperiment — ^Add  to  one  pound  of  white  vinegar  an 
ounce  or  an  ounce  and  a  half  of  litharge  (oxide  of  lead), 
and  let  the  mixture  stand  in  a  vessel  for  some  hours,  in  a 
warm  place,  stirring  it  frequently.  The  liquid  will  become 
dear  on  standing,  and  then  if  you  evaporate  it  down  to  two 
and  a  half  or  three  ounces,  and  let  it  cool,  prismatic  crystals 
of  acetate  of  oxide  of  lead  will  be  deposited.  This  salt  is 
commonly  called  sts^r  of  lead,  from  its  sweetish  taste.  The 
acetic  acid  is  held  so  £j*mly  by  the  oxide  of  lead,  that  it  can 
no  longer  escape  with  the  steam  during  evaporation,  or  at 
least  only  in  trifling;  quantities*  Other  bases  may  be  sub- 
stituted for  the  oxi&  of  lead. 

MvperimetU. — ^Place  some  sugar  of  lead  upon  a  piece  of 
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charcoal,  and  heat  it  before  the  blow-pipe;  the  salt  first 
melts  in  its  water  of  crystallisation,  then  it  becomes  brown, 
and  is  finally  carbonised ;  the  acetic  acid  is  thus  decomposed, 
like  tartaric  acid  on  the  heating  of  the  salts  of  tartaric  acid. 
If  it  is  completely  bnmt,  globules  of  metallic  lead  remain 
upon  the  charcoal.  In  this  case  the  litharge  is  also  decom- 
posed; the  red-hot  charcoal  abstracts  &om  it  its  oxygen, 
and  forms  with  this  carbonic  oxide  gas,  which  escapes; 
canaeqnently  metaUic  lead  must  remain  behind  (reduction 
QT  deoxidation). 
Experiment. — Mix  cautiously  half  an  ounce  of  sulphuric 

Rg.  106. 


add  with  half  an  ounce  of  water,  and  when  cold  pour  the 
mixture  into  a  flask  containing  one  ounce  of  powdered  sugar 
of  lead.  Now  connect  a  glass  tube  and  receiver  with  the 
flask,  and  distil  the  mixti^  at  a  moderate  heat,  on  a  sand- 
bath,  until  about  three-fourths  of  an  ounce  of  the  fluid  has 
passed  over.  Here  we  have  an  example  of  simple  elective 
aflinity ;  the  strong  sulphuric  acid  unites  with  the  oxide  of 
lead,  and  forms  with  it  a  white,  insoluble  compound,  which 
remains  in  the  filask,  while  the  acetic  acid,  rendered  volatile 
by  the  heat,  is  converted  into  vapour,  which  condenses  in 
the  cold  receiver  into  li^d  acetic  acid. 

The  acid  thus  obtained  is  colourless,  and  has  an  exceed- 
ingly sour  taste  and  smeU.  Solid  crystals  may  be  obtained 
fipom  the  strongest  acetic  acid  (crystallisable  acetic  acid)  by 
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cold;  a  somewhat  dilute  acetic  acid  is  called  concenia^ated 
vinegar. 

Experiment, — ^Add  to  strong  acetic  acid  some  drops  of  oil 
of  cinnamon  and  cloyes ;  if  the  acid  is  sufficiently  strong 
they  will  dissolve.     This  mixture  is  called  aromatic  vinegar. 

jEa>pertment — Pour  some  acetic  acid  upon  a  piece  of  lean 
meat,  and  it  will  gradually  become  soit  and  gelatinous. 
Common  vinegar  has  also  the  same  effect,  but  in  a  less 
degree;  it  is  indeed  well  known,  that  meat  impregnated 
with  vinegar  becomes  very  tender  and  digestible  (soluble) 
when  boiled  or  roasted. 

Acetic  acid  cannot  exist  without  the  presence  of  water ; 
seven  ounces  of  the  strongest  acid  contain  one  ounce  of 
water  chemically  combined.  The  Latin  word  for  vinegar  is 
acetum;  the  symbol  for  acetic  acid  is,  accordingly,  H  O,  A. 

To  detect  tae  salts  of  acetic  acid,  heat  them  in  a  test-tube 
with  concentrated  sulphuri.c  acid ;  when  fumes  having  a  very 
acid  smeU  will  be  evolved. 

BETBOSPECT  OF  THE  TEOETABLE  ACIDS. 

1.  Almost  all  vegetable  acids  consist  of  carbon,  hydrogen, 
and  oxygen  (oxalic  acid  being  an  exception). 

2.  They  are  generated  during  the  growth  of  plants,  in 
which  they  are  found  either  free  or  combined  with  bases. 

3.  We  cannot  artificially  prepare  them  from  their  ele- 
ments, like  the  inorganic  acids. 

4.  Some  vegetable  acids  may  indeed  be  also  artificially 
imitated,  but  as  a  general  rule  this  is  effected  by  the  meta- 
morphosis of  other  vegetable  substances. 

5.  All  vegetable  acids  are  carbonised  by  heat,  and  are  at 
last  completely  burnt  away  (inorganic  acias  are  not). 

6.  Most  vegetable  acids  cannot  exist  without  the  presence 
of  water  (water  of  constitution) ;  this  water  plays  therein 
the  part  of  a  base. 

7.  Vegetable  acids  comport  themselves  towards  bases  like 
the  inorganic  acids ;  they  form  with  them  salts, 

8.  The  vegetable  salts  are  likewise  decomposed  by  heat ; 
the  acid  is  carbonised  and  burnt  away,  while  the  base  re- 
mains behind,  usually  combined  with  carbonic  acid. 
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Id9.  The  word  radical  signifies  root  or  base,  and  is  often 
employed  in  chemistrjr  to  denote  that  substance  which  is  re- 
gamed  as  the  principal  or  fundamental  eonstituent  of  a 
chemical  compound.  The  metalloids  unite  with  oxygen, 
and  some  of  them  also  with  hydrogen,  forming  acids ;  they 
are  consequently  regarded  as  the  fundamental  elements  of 
the  acids,  and  may  be  called  the  acid  radicals.  Sulphur  is 
accordingly  the  radical  of  sulphuric  acid ;  carbon,  of  carbonic 
add;  and  chlorine,  of  chloric  and  muriatic  acids,  &c.  With 
respect  to  the  yegetable  acids,  which  we  composed  of  three 
elon^ita,  carbon,  hydrogen,  and  oxygen,  we  may  either 
assume  ihe  oxygen  to  be  the  acidifying  principle,  and  then 
the  carbon  and  nydrogen  will  be  regarded  as  the  acid  radi- 
cals; or  we  mignt  consider  hydrogen  to  be  the  acidifying 
prmciple,  then  carbon  and  oxygen  would  be  the  radicals. 
In  either  case  the  radical  consists  of  two  elements ;  and  for 
this  reason  the  vegetiable  acids  are  said  to  be  acids  with  a 
compound  radical,  in  contradistinction  to  the  mineral  acids, 
which  are  ree;arded  as  addc  with  a  simple  radical,  because 
they  have  only  one  element  for  their  base.  According  to 
this  classification,  hydroeyanie  and  fulminic  acids  must  be 
dassed  among  the  acids  with  compound  radicals,  since  the 
radical  cyanogen  is  composed  of  carbon  and  nitrogen. 

This  theory  is  also  applied  to  bases  and  salts.  The  metals 
combine  with  oxyg^  forming  bases,  and  are,  accordingly,  the 
fundamental  elements  of  the  bases — base  radicals.  Iron,  for 
example,  is  the  radical  of  the  oxide  of  iron,  and  calcium  the 
radical  of  lime.  The  oxide  or  the  base  is  regarded  as  the 
fundamental  element  of  the  salts ;  it  has  received  the  name 
salt  radical.  Protoxide  of  iron  is,  acecnrdingly,  the  radical  of 
green  yitriol ;  lime  that  of  chalk,  ^. 

200.  It  has  already  been  demonstrated,  by  several  experi- 
ments, that  the  adds  are  neutralised  or  saturated  by  bases, 
and  also  that  every  acid,  on  neutralisation,  combines  with  a 
definite  quantity  only  of  a  base.  It  now  remains  to  be  con- 
sidered how  large  this  quantity  may  be  for  every  acid. 

It  has  been  ascertained,  by  accurate  experiments,  that 
100  ounces  of  sulphuric  acid  require  for  neutralisation  exactly 
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118  ounces  of  potassa,  or  70  ounces  of  lime,  or  90  ounces  of 
protoxide  of  iron,  or  278  ounces  of  litharge.  Further  re* 
searches  have  led  also  to  the  surprising  discovery  that  these 
so  unequal  quantities  of  the  different  bases  contain  precisely 
the  same  amount  of  oxygen — ^namely,  20  ounces. 

Sulpbmic  Acid  Oxygen 

100  oz.  are  neutralised  bj  118  oz.  of  potassa;  these  contain  20  oz. 

100  "  "  70     "     fiine;  "  20  " 

100  "  "  90     "     protoxide  of  iron;  "  20  " 

100  "  "  278     "     oxide  of  lead;  "  20  " 

It  follows  as  a  law  for  sulphuric  acid,  that  100  ounces  of  it 
require  always  for  neutralisation  a  quantity  of  some  base  in 
which  are  contained  20  ounces  of  oxygen.  Thus  the  number 
20  has  been  called  the  saturating  power,  or  capacity  ofsaturor 
tion  of  sulphuric  acid. 

The  action  of  bases  upon  all  the  other  acids  has  been  exa- 
mined in  the  same  manner,  and  the  capacity  of  saturation  of 
the  latter  determined.  That  of  nitric  acid,  for  example,  is 
14| ;  that  of  carbonic  acid,  36i.  That  is,  every  quantity  of 
any  base  containing  exactly  14|  ounces  of  oxygen,  is  able  to 
saturate  or  neutralise  100  ounces  of  nitric  acid.  Every  quan* 
tity  of  a  base  containing  36^  ounces  of  oxygen  is  able  to 
saturate  or  neutralise  100  ounces  of  carbonic  acid. 

Instead  of  comparing,  as  has  been  done  here,  the  add 
with  the  oxygen  of  the  base,  the  oxygen  of  the  acid  is  also 
sometimes  compared  with  the  oxygen  of  the  base.  This  may 
be  done  very  easily,  if  we  only  mow,  in  the  first  place,  how 
much  oxygen  is  contained  in  100  ounces  of  an  acid. 

Oxygen  Oxygen 

100  oz.  of  snlphnric  acid  contain  60  oz.,  and  require  in  the  base  20  oz. 
100      "    nitric  acid  "        78f  "  "  14| " 

100      "    carbonic  acid        "        72^  "  "  36^" 

And  hence  may  be  deduced  the  following  simple  proportion 
for  the  combination  of  the  acids  with  the  bases — ^that  is,  for 
the  salts. 

The  oxygen  of  the  acid  bears  the  proportion  to  the  oxygen 
of  the  hdses: 

In  all  neutral  sulphates,  of  60  to  20,  or  as  3  to  1 
"        "       nitrates      "  73| "  14|    «      6  "  1 
"       carbonates "  72  J  "  361    «      2  "  1 
W.ater  acts  also  as  a  base  when  chemically  combined  with 
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an  acid.  In  common  sulphuric  acid  (H  O,  S  O3),  for  ex- 
ample, the  oxygen  of  the  acid  bears  a  proportion  to  the 
oxygen  of  the  water  as  3  to  1 ;  in  the  strongest  nitric  acid 
(H  O,  N  Ob),  as  5  to  1,  &c. 


LIGHT  METALS. 

FIBST  GROUP:  ALKALI-METALS. 

POTASSIUM  (k). 

At.  Wt  =  40.— Sp.  Gr.  ==  0.8. 

201.  Fotash,  or  Ckvrlonate  ofFotaasa  (K  O,  C  O2). 
JExperiment. — Fit  into  a  funnel  a  filter  of  blotting-paper, 
and  place  upon  it  a  handful  of  wood  ashes,  and 
Fig.  107.     gradually  pour  hot  water  over  them.     The  liquid 
filtered  through  has  an  alkaline  taste,  and  turns 
red  test-paper  blue.     If  you  evaporate  it  to  dry- 
ness in  a  porcelain  dish,  a  grey  mass  finally  re- 
mains behmd,  which  becomes  white  after  being 
heated  to  redness  in  a  porcelain  crucible ;  it  is 
called  crude  potash.     In  those  countries  where 
wood  is  abundant — in  America,  Eussia,  &c. — 
it  is  prepared  in  a  similar  manner  on  a  large 
scale,  and  is  an  article  of  great  demand  in  com- 
merce. 
There  are  to  be  found  in  the  ashes  (§  607)  aUthe  substances 
which  the  plants  received  from  the  soil  during  their  growth. 
They  are  not  volatile,  and  therefore  remain  behind,  while  the 
characteristic  parts  of  the  wood  or  plant  are  consumed.   The 
soluble  portion  of  the  ashes  is  taken  im  by  the  water  (potash 
ttnd  other  soluble  salts) ;  those  which  are  insoluble  (silica, 
insoluble  salts,  and  unbumt  pieces  of  charcoal)  remain  be- 
hind on  the  filter. 

JSa^eriment, — Pour  half  an  ounce  of  cold  water  upon  half 
an  ounce  of  commercial  potash ;  stir  it  frequently,  and  let  it 
stand  for  one  night.  Separate  the  liquid  oy  filtration  from 
the  sediment,  which  consists  principally  of  silica ;  evaporate 
it  down  to  one-half,  and  again  leave  it  in  repose  for  one  night, 
when  most  of  the  foreign  salts  will  be  deposited  in  crystals. 

m2 
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Again  filt^  tbe  liquid  and  eTaporste  to  drynese,  eontiniiallj 
stirring  with  a  glass  rod,  and  70a  will  obtain  a  white  granur 
lated  mass — -pmrified  potash. 

Potash  is  verjr  easily  soluble ;  therefore  it  is  the  first  of  the 
ingredients  which  is  taken  up  by  water,  and  the  last  which  is 
separated  from  it ;  but  the  otner  admixtures  are  much  less  so, 
and  they  remain  partljr  undissolved,  and  partly  separate  in 
crystals  from  the  liquid,  before  the  potash  shows  even  the 
slightest  tendency  to  c^stallise.  There  are  thus  two  methods 
by  which  substances  of  different  degrees  of  solubility  may  be 
separated  from  each  other. 

202.  Experimenti  wiih  commereud  Potash. 

Experiment  a. — Put  one  portion  of  potash  in  a  vessel,  and 
let  it  stand  in  a  dry  apartment,  and  put  another  portion  in  a 
cellar.  The  former  becomes  moist;  the  latter  deliquesces. 
Both  attract  water  from  the  air,  but  that  in  the  dry  atmo- 
sphere of  the  room  less  than  that  ia  the  damp  air  of  the 
cellar.     Potash  is  a  very  hygroscopic  salt. 

Experimemt  h. — ^Boil  for  some  time,  in  a  vessel  coirt«ining 
a  quarter  of  an  ounce  of  potash  and  two  ounces  of  water,  a 
piece  of  grey  linen,  and  some  dirty  or  greasy  linen  or  co^n 
rags ;  the  liquid  will  become  of  a  dark  colour,  while  the  rags 
are  made  wmte  and  clean.  Dirt,  as  it  is  commonly  eaQed,  is 
dust,  which  adheres  to  the  skin,  garments,  &c.,  particularly 
after  they  have  become  moistened  by  perspiration,  ch-  have 
come  in  contact  with  greasy  or  other  adhesive  substances. 
These  last-mentioned  substances  may  be  dissolved  and  re- 
moved by  potash ;  on  this  depends  the  various  application  of 
this  substance  in  cleaning  and  washing. 

Experiment  c, — ^Pour  a  tea-spoonful  of  potash  into  a  tumbler 
containing  vinegar ;  there  escapes  with  brigk  effervescence  a 
gas,  in  wfech  a  bumi^  taper  is  extinguished.  This  gas  is 
the  weU  known  carbonic  acid;  it  is  chemicaDy  combined  in 
the  potash  with  the  basic  oxide  ofpotassiwm  orpotassa.  Potash 
is  consequently  a  salt,  carbonate  qfpotassa  (K  O,  C  O2)  ;  but 
beside  this,  the  crude  potash  contains  also  several  other 
foreign  salts,  as  silicate,  sulphate,  muriate,  and  phosphate  of 
potassa,  and  many  others.  The  feeble  carbonic  acia  is  not 
able  to  destroy  completely  the  basic  properties  of  the  potassa ; 
therefore  the  carbonate  of  potassa  has  an  alkaHne  taste,  and 
colours  red  litmus-paper  blue.    Vinegar  can  completely  neu- 
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iaca£ae  potassa.  If  you  add  bo  mueh  of  it  to  the  potaesa,  that 
B^iier  blue  nor  red  test-paper  is  altered,  and  then  filter  and 
evaporate  the  iiquid,  yon  will  obtain  a  white  saline  mass, — 
meeUste  ofpotana, 

~We  Bught  sappose  that  the  carbonic  acid,  which  so  willingly 
acuramea  a  gaseous  form,  might  easily  be  expelled  by  heating ; 
but  it  is  a  striking  fadi,  tlmt  its  friendship  for  the  potassa 
etmoiB  the  proof  even  of  the  hottest  fire.  The  potash  does 
ncA  lose  its  carbonic  acid  at  the  strongest  red  heat. 

The  potash  of  commerce  possesses  rery  different  degrees  of 
TJK  108      goodness  and  purity.    To  test  its  value,  or  to 
^'      '      compare  sevenJ  sorts  with  each  other,  weigh  one 
Yl        hundred  grains  of  eadi  sort,  and  neutralise  them 
^       with  an  acid.    A  good  article  requires  more  acid 
tha&  a  bad  one ;  ccmsequently,  the  value  of  the 
potash  may  be  estimated  according  to  the  quan- 
tity of  the  acid  consumed.    An  alJealimeter  is  a 
useful  instrument  for  those  who  have  frequently 
to  determine  the  value  of  potash.    It  consists  of 
a  glass  cylinder,  divided  into  degrees  (craduaied), 
in  whidi  the  quantity  of  add  ia  neasared  instead 
of  being  weighed.     Eor  iJus  piupoee  a  teat-add 
must  be  prepared,  of  such  a  rtm^^  Aat  one 
degree  of  it  will  exactly  neutralise  one  gram 
oli  pure  carbonate  of  potassa.     The  number  of 
decrees  of  the  add  consumed  wiU  then  mdicate 
«t  once  the  percentage  quantity  of  pure  carbonate  of  potassa 
in  the  sample  tested.    The  value  of  soda  may  be  ascertained 
in  a  similar  way. 

Biearhonaie  ofFotaua  (K  0,  2  C  0,  +  H  0). 
If  carbonic  acid  is  conducted  into  a  solution  of  carbonate 
c^  potassa,  the  latter  will  take  i^  as  much  again  carbonic  acid 
as  it  previously  contained,  and  crystals  wiU  be  deposited,  con- 
dating  of  one  atom  of  potassa,  two  atoms  of  carbonic  add, 
and  one  atom  of  water.  This  c<Hnbination  belongs,  accord- 
ingly, to  the  add  sdUs.  On  heating,  the  second  atom  of 
carbonic  acid,  together  with  the  water,  escapes ;  and  the  same 
hai^pens,  idthough  mare  slowly,  on  boiling  a  solution  of  thk 
salt. 

203.  Oaide  ofFotauiwm,  or  Fotoisa  (K  O). 
If  i^on  withdraw  the  carbonic  add  from  the  potash,  potassa 
lemams  behind. 
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Fig.  109. 


JEscperim&nt, — Place  half  an  ounce  of  quick  lime  in  a  plate, 
sprinlde  it  with  warm  water,  and  let  it  stand  until  it  is  slaked, 
that  is,  until  it  becomes  a  fine  dusty 
powder.  Then  put  half  an  ounce  of 
potash  into  an  iron  basin  with  six 
ounces  of  water,  and  boil  it,  and,  during 
the  boiling,  gnuiuaUy  add  half  of  the 
slaked  lime  by  tea-spoonAils,  stirring 
it  at  the  same  time.  After  the  mixture 
has  boiled  for  some  time,  put  a  tea- 
spoonful  of  it  upon  a  paper  filter,  and 
pour  the  filtrate  into  yinegar.  If  it  effervesces,  still  more 
lime  must  be  added ;  but  if  no  effervescence  ensues,  pour  the 
whole  into  a  bottle,  close  it  up,  and  let  it  remain  quiet  for 
some  hours,  that  the  sediment  may  subside.  Decant  the 
clear  liquor,  and  preserve  it  in  a  well-stoppered  bottle.  It 
consists  of  water  m  which  potassa  is  dissolved,  and  is  called 
solution  of  caustic  potassa.  The  carbonic  acid  previously  com- 
bined with  tne  potassa  has 
Soluble,  during  the  boiling  passed  to 
the  lime,  as  may  easily  be 
seen  by  the  effervescence 
which  ensues  when  vinegar 
or  some  other  acid  is  poured 
on  the  white  sediment  of  lime.  From  the  lime,  carbonate  of 
lime  is  formed,  but  potassa  from  the  carbonate  of  potassa. 
The  carbonate  of  lime  is  insoluble,  and  is  deposited  as  a  white 
powder ;  the  potassa  is  soluble,  and  combines  with  the  water 
present. 

It  would  thus  appear  as  if  lime  were  a  stronger  base  than 
potassa,  since  it  takes  from  the  latter  the  carbonic  acid ;  but 
this  is  not  correct,  for  in  all  other  cases  the  potassa  is  stronger 
than  lime.  But  a  weaker  hose,  when  it  forms  with  an  acid  an 
insoluble  salt,  always  takes  this  acid  ^even  from  a  much  stronger 
hase.  Thus  the  lime  abstracts  the  carbonic  acid  from  the 
potassa,  not  because  it  has  a  greater  affinity  for  the  acid,  but 
because  it  forms  with  it  an  insoluble  compound  (chalk).  In 
the  same  way  a  weaker  acid  is  often  able  to  overcome  a 
stronger  one. 

JSocperiment. — ^Evaporate  a  portion  of  the  caustic  potassa 
in  an  iron  vessel  (glass  and  porcelain  are  attacked  by  it)  ;  all 
the  water  but  one  atom  escapes,  and  a  white  mass  fiaally  re- 
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mains  behind,  hydrate  of  pofaasa.  This  may  be  melted  at  a 
stronger  heat,  and  cast  into  sticks  or  plates  (lapis  infemalis, 
or  fused  potassa). 

Potassa  consists  of  ametal  (potassium)  and  oxygen.  (§  166.) 
It  also  contains  one-sixth  of  its  weight  of  water,  which  cannot 
be  expelled  even  by  the  strongest  heat ;  its  proper  name  is, 
accordingly,  hydrate  of  potassa  (K  0,  H  0).  This  water  is 
chemically  combined  with  the  potassa  just  as  if  it  were  an 
acid.  Water,  being  an  indifferent  body,  acts  tvith  strong 
tases  like  an  acid,  and  with  strong  acids  like  a  hose.  (§  200.) 
201.  Experiments  with  Hydrate  of  Fotassa, 
Experiment  a, — ^Expose  some  d^  potassa  to  the  air ;  it 
will  soon  become  moist ;  indeed,  it  will  deliquesce,  and  on 
longer  exposure  it  will  effervesce  upon  the  addition  of  an  acid. 
Potassa  has  two  strong  affinities  :  1st,  for  water ;  2nd,  for 
carbonic  acid.  It  absorbs  both  from  the  air,  and  is  then  con- 
verted into  carbonate  of  potassa. 

Experiment  h, — Heat  in  one  test-tube  some  white,  and  in 
-another  some  brown  blotting-paper,  with  some  solution  of  caus- 
tic potassa ;  both  papers  mil  be  decomposed  and  dissolved, 
the  vegetable  fibres  of  the  white  paper  (linen  or  cotton)  more 
slowly  than  the  animal  fibres  of  the  brown  paper  (wool). 
Potassa  exerts  a  very  corrosive  action,  especially  on  animal 
substances.  The  slippery  feeling  caused  by  rubbing  lye  be- 
tween the  fingers  is  owing  to  a  gradual  solution  of  the  skin. 
Experiment  c, — Boil  in  a  test-tube  a  little  tallow  or  fat 
with  a  solution  of  caustic  potassa ;  a  union  gradually  takes 
place ;  soap  is  formed.  The  soap  prepared  from  potassa  re- 
mains soft,  and  is  called  soft-soap. 

Experiment  d, — K  some  potassa  be  melted  with  sand  on  a 
Fig.  110.  piece  of  charcoal,  before  the 

blow-pipe,  we  obtain  a  vitreous, 
amorphous  compound  of  sili- 
cate of  potassa.  Much  sand 
with  a  small  proportion  of  po- 
tassa yields  an  insoluble  glass 
— thecommon  bottle  orwvndow 
glass  ;  but  much  potassa  with 
a  small  proportion  of  sand,  a 
soluble  compound,  called  sohi' 
hie  glass,  A  solution  of  the 
latter  may  be  employed  as  a 


184  aXjKUJmb. 

fire-proof  yanuBh  for  wood,  easan^,  and  other  comhui^ibtB 
matenalB. 

Experiment  e, — ^Dissolve  a  piece  of  blue  yitrkA  (sakghaibe 
ci  copper)  in  water,  and  add  to  it  some  solution  of  caustic 
potassa.  Potaesa  is  the  ttnmgeH  hose  known;  therefore  it 
abstracts  the  sulphuric  acid  from  the  blue  yitrK)l,  and  foma 
with  it  sulphate  of  potassa,  which  remains  in  solu^ifHi.  l%e 
oxide  of  coppOT,  not  being  soluble  in  wat^  without  «i  add, 
is  precipitated  as  a  hydrate ;  that  is,  eh^nicallj  combined 
wiili  some  water  in  the  form  of  a  delicate  bine  powder,  and 
may  be  collected  on  a  filter.  This  n^hod  is  very  frequenltly 
employed  for  separating  metallk  oxides  from  metallic  sahs. 

205.  Totasdum  (X). 
If  the  oxygen  is  withdrawn  from  the  potassa^  then  jM^a»> 
»um  remains  behind, — a  metal  whkdi  has  ao  strong  m  ies^ 
dency  to  combine  again  with  oxygen,  ikat  it  can  only  be 
protected  against  oxidation  by  keepiog  it  in  mineral  napMha, 
a  liquid  which  contains  no  oxyg^. 

The  usual  method  of  preparing  potassium  is  l^  puttii^ 
y^^  carbonate  of  potassa  and  diarcoti 
▼olatOe.  into  an  iron  bottle,  provided  with 
an  irbn  exit-tube,  and  exposing 
them  to  the  strongest  white  heat« 
At  this  extremely  higb  tempea»- 
ture  the  charcoal  combines  with  the  oxygen  of  the  carSonic 
acid  and  of  the  potassa,  forming  carbonic  oxide  gas,  which 
eBca;pe&,  G^ie  liberated  potassium  is  also  converted  into 
vapour,  which  is  conducted  into  m^htibai,  where  it  oondenaes 
into  a  solid  mass,  resembling  silver. 

It  has  been  shown,  under  carbonic  acid  (§  166),  )}hat  potas- 
sium, at  a  moderate  heat,  can  withdraw  the  oxygen  from  the 
carbon;  while  here,  at  a  higher  temperature,  the  contrary 
takes  place.  Similar  incongruities  in  chemical  actions  ave 
not  un&equent ;  they  show  that  the  affinities  of  bodies  for 
each  other  are  greatly  altered  by  the  tea^rature. 

Experiment. — ^Put  a  piece  of  potassinm  of  the  size  of  a  pea 
into  a  basin  of  water ;  it  floats  with  a  hissing  noise  upon  the 
water,  and  hwms  at  the  same  time  with  a  Hvely  reddish  flame. 
After  the  combustion  is  finished,  the  potassium  has  appa- 
rently vanished ;  but  it  is  in  fact  in  BolutuHi  in  the  water, 
being,  however,  no  longer  potassium,  but  potassa,  as  we  may 
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eafiilj  ascertam  by  red  test-paper,  ihe  colour  <^  which  will 
now  be  changed  by  the  water  to  blue.  Consequently  it  has, 
diaang  the  combustiQn,. combined  wiUi  oxygen;  this  oxygen 
it  todk  firom  the  water,  and  so  much  heat  was  thereby 
epolTed  thi^  the  aeccmd  constituent  of  the  water,  hydrogen, 
was  inflamed. 

If  a  piece  of  potassium  is  cut  with  a  knife,  it  presents  a 
glisteniiig  surface  like  whea^ ;  but  it  immediate^  tarnishes  on 
esKpoeure  to  moist  air,  and  soon  becomes  conyerted  into  a 
wkite  body,  hydrate  of  potassa.  la-this  ease  it  t^ces  the 
(aYgen  from  the  air. 

Saks  ofFokma. 

Salts  are  produced,  as  has  been  before  stated,  when  a  base 
conibineB  with  an  oxygen  acid  or  a  hydrogen  acid  (oi^gen 
salts  and  haloid  salts).  As  there  are  hundreds  of  acids,  so 
alfio  hundreds  of  potassa  salts  may  be  prepared.  But  those 
(mfy  will  here  be  considered  which  are  oi  espedal  importance 
in  adttfnee,  tibe  arti^  or  the  common  uses  of  li&. 

206.  Bik^hate  ofFotasaa  (K  O,  S  Oz). 

Dissolve  half  an  ounce  of  potash  in  two  ounces  c£  warm 
^121.  water,  and  neutralise  with  dUuted  sulphuric 
acid;  evapOTate  the  filtered  liquid  till  a  film 
appears  on  the  surface,  then  let  it  remain  quiet 
for  one  day.  The  hard  (^stals  obtained  (six- 
^ded  double  pyramids)  are  sulphate  of  potassa ; 
th^  are  spamngly  soluble  in  water,  and  hare  a 
somewhat  bitter  taste.  This  salt  forms  a  con- 
stituent of  the  well-known  alum. 
Acid  Sulphate,  or  Biaulphate  of  Fottma  (K  O,  2  S  Os 
+  H  O)  is  obtained  as  a  secondary  product  in  the  prepara- 
Hsol  of  nitric  aod  from  salipeiare.  (§  159.)  It  contains  one 
atom  €&  base  and  two  atcmis  of  acid,  and  Ina  a  voy  add 
taste.  But  the  second  atom  of  acid  is  more  feebly  comhined 
tliaa  ^  first,  and  n^y  be  expelled  by  Ao  ajpfKcmtimi  of 
stnmg  heat. 

207.  Saltpetre,  Ifitre,  or  Nitrate  ofFotamm  (K  O,  N  O^). 
t^tvt.       Dissolye  half  an  ounce  of   caKMBafte  of  po- 

ffltaB8a  in  one  ounce  of  hot  water,  and  neutranse 
wii^  nitric  acid;  a£berwards  boil  and  filtear  the 
liquid,  and  set  it  aside  to  cool ;  prismatic  crystals 
of  nitre  will  be  deposited  from  it,  which  Imve  a 
eoolmg  taste,  and  undergo  noalterataonintiie  air. 
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Experiments  with  Nitre, 

JExperiment  a. — Heat  some  nitre  in.  a  test-tube ;  it  melts ; 
if  you  pour  it  by  drops  upon  a  cold  stone,  you  will  obtain 
globules  of  nitre.  Upon  the  application  of  a  stronger  heat, 
oxygen  will  escape,  and  afterwards  nitrogen ;  consequently, 
the  nitric  acid  is  thereby  resolved  into  its  two  elements. 

Exj>eriment  h. — If  you  throw  a  little  nitre  on  a  glowing 
coal,  it  will  sparkle  briskly;  it  deflagrates.  In  tlmi  case, 
also,  the  nitric  acid  is  decomposed,  and  its  sudden  conversion 
into  two  gases  is  the  cause  of  the  sparkling.  The  oxygen, 
becoming  free,  finds  in  the  coal  a  body 'with  which  it  can 
combine ;  the  escaping  gases  are,  accordingly,  carbonic  acid 
and  nitrogen.  A  portion  of  the  carbonic  acid  formed  com- 
bines with  the  potassa,  which  remains  behind.  From  K  O, 
N  O5,  and  2\  C,  are  formed  K  O,  C  O2,  and  1^  C  Oj.  The 
hard  saline  mass,  congealed  from  its  melted  state,  remaining 
on  the  coal,  has  a  basic  reaction,  and  effervesces  with  acids ; 
it  is  carbonate  of  potassa,  or  potash.  In  order  to  render 
substances  more  inflammable,  they  are  often  soaked  in  a 
solution  of  nitre ;  as,  for  example,  tinder,  &c. 

Experiment  c, — ^Mix  thoroughly  in  a  mortar  six  drachms 
of  powdered  nitre,  one  drachm  of  charcoal-powder,  and  one 
drachm  of  sulphur ;  this  is  pulverised  gtmpowder.  Take  a 
little  on  the  point  of  a  knife,  put  it  on  a  stone,  and  ignite  it 
with  a  match  ;  a  brisk  deflagration  will  ensue.  Knead  the 
rest  of  the  powder,  with  some  drops  of  water,  into  a  paste, 
and  squeeze  it  through  a  tin  colander.  The  thread-like  mass 
thus  obtatued  is,  when  partly  dry,  divided  into  small  grains 
by  gently  rubbing  with  the  fingers ;  this  is  gunpowder. 
Experiment  d, — Place  some  gunpowder  upon  an  iron  plate, 
and  ignite  it ;  the  explosion  fmlows 
Volatile.  ®^^^  more  quickly  than  with  the 
pulverised  gunpowder,  because  the 
granulated  gunpowder  is  less  com- 
pact than  the  pulverised.  In  this, 
as  in  the  former  deflagration,  there 
are  also  evolved  from  the  charcoid 
and  the  nitric  acid  carbonic  acid 
and  nitrogen,  two  gases  which  instantly  occupy  a  space 
several  thousand  times  greater  than  before.  Sulphur  not 
only  causes  an  easier  ignition  of  the  gunpowder,  but  it  causes 
also  a  stronger  evolution  of  gas ;  since  it  combines  with  the 
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potassium  of  the  nitre,  forming  sulphuret  of  potassimD, 
whereby  three  atoms  of  free  carbonic  acid  are  eyolyed,  while 
in  experiment  h  (without  sulphur)  only  an  atom  and  a  half  of 
this  gas  has  been  set  free.  If  the  defla^;rati<m  of  the  gun- 
powder takes  place  in  a  confined  space,  as  in  a  gun-barrel,  the 
explodoe  yiolence  with  which  the  two  gases  are  suddenly  ex- 
panded is  strong  enough  either  to  project  the  ball  or  to  burst 
the  gun.  The  sulphuret  of  potassium  remaining  on  the  iron 
plate  soon  becomes.  UHHst  in  the  air,  and  then  emits  the  odour 
of  sulphuretted  hydrogen  (§  133)  ;  at  the  same  time,  the  iron 
is  blackened  by  the  formation  of  sulphuret  of  iron  upon  the 
surface.  The  same  occurs  in  the  case  of  the  iron  barrel  of 
the  gun. 

Experiment  e, — Mix  twenty  grains  of  iron  filings  with  ten 

p.    --„  grains  of  nitre,  and  heat  the  mix- 

^'  ^   ture  in  an  iron  spoon,  the  handle 

j^^^  of  which  has  been  fixed  in  a  cork ; 

^^^^^^^^  a  brisk  ignition  of  the  mixture 

^^^^^'^  will  ensue ;  the  iron  wiU  be  oxi- 

.  ^Kg  dised  by  the  oxygen  of  the  nitric 

^^W  acid,  while  the  nitrogen  escapes. 

^^■^  The  potassa  remaining  behind  may 

^^^^m^  be  dissolyed  by  water.  Nitre  is  on 

^^^m^f  this  account  well  adapted  for  con- 

^^^^^^  yerting  metals  into  metallic  oxides. 

/. — ^If  nitre  be  heated  with  sulphuric  acid,  the  nitric  acid 
escapes.  (§  159.) 

g, — ^Aimnal  substances  are  preseryed  from  putrefying  by 
nitre ;  it  is  therefore  used  in  salting  meat. 

The  manufacture  of  nitre  is  conducted  in  a  very  peculiar 
manner.  ATiimal  substances,  for  instance,  pieces  of  flesh, 
hides,  hair,  &c.,  are  mixed  with  lime  and  earth,  and  then 
moistened  with  water  or  urine,  and  suffered  to  putrefy  slowly. 
Animal  substances  are  rich  in  nitrogen^  which,  during  putre- 
fection,  is  set  free  in  the  form  of  ammonia  (N  H3)  ;  tffis,  after 
ft  time,  unites  with  the  oxygen  of  the  air,  forjtning  nitric  acid 
(and  water),  which  acid  is  immediately  neutralised  by  the 
lime.  K  animal  substances  decay  without  the  presence  of 
lime,  or  some  other  strong  base,  no  nitric  acid,  but  only  am- 
monia, will  be  produced ;  consequently,  it  is  the  strong  base 
which  disposes  the  nitrogen  to  combine  with  the  oocygen,  (§  146.) 
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After  tite  compieiioii  of  the  pixfcrefactMni,  add  water  to  ex- 
tact  the  sduble  matter,  and  a  sdution  of  nitrate  of  lime  is 
obtained,  whidi  is  oonyerted  hj  carbonate  of  potassa  into 
adoible  nitrate  of  potaaM^  and  insoluble  earb<xiate  of  lime. 
Hitie-beds,  so  caQed,  are  pv^^nred  in  tbis  wsy.  We  also 
obtahi  nitre  from  ihe  East  Indies,  wbere  it  is  i^ntaneooslj 
generated  in  many  limestones  containing  potaasa. 

208.  CUorate  ^Faiana  ([K  O,  CI  O5). 

This  salt,  as  its  farmula  indics^^  maj  be  r^arded  as  a 
brother  oi  nitre;  but  ifcs  dii^K>sidon,  compared  with  that  ^ 
the  ktter,  is  tsc  more  intrad»ble  and  yiolent,  since  chloric 
acid  is  much  mc»e  easily  decomposed  t^an  nitric  add. 

ExperimetUs  with  Chlorate  ofTotaxBa, 

E^erimeni  a.-— Chlorate  of  potaasa  is,  1^  mer^  hei^g, 
Torj  easily  resolved  into  ozjgmi  and  chloride  of  potassium ; 
tiierefore  it  is  used  in  the  pr^aration  of  oxygen,  as  was 
described  in  §  59. 

JEjg9erimmt  h, — ^When  thrown  on  glowing  coals,  it  defla- 
grates still  more  briskly  i^nan  nitre ;  the  oxygen,  as  it  is 
Uberated,  occasions  a  veiy  en^^tic  combustion  of  1^  coal. 
This  salt  cannot  be  ^nployed  in  the  preparation  d  gun- 
powder, as  the  rapidity  wii»  which  it  explodes  would  1>e  too 
much  fbr  the  guns ;  yet,  on  this  Tery  account,  it  is  exticHiely 
,  anrriceable  in  fireworks,  ei^>ecially  for  producing  yaiiegated 
fires.  The.  freategt  caution  must  be  observed  in  pulrensing 
and  mixing  it,  as  it  may  explode  by  merely  rubbing  or  pound- 
ing it.  TVhen  it  is  to  he  grownd  fine,  it  kkmdd  alwm^  he 
fretioudif  moistened  wUk  some  drops  qf  footer;  the  mixing 
of  it  with  other  substances  must  always  be  done  with  the 


c. — ^Iniroduee  some  crystals  oi  chlorate  of 
potassa  into  a  beaker-glass,  and  add  a  small  quantity  of  alco- 
hol, and  afterwards  a  few  drops  of  sulphuric  add ;  the  sul^ 
phuric  add  expels  the  ddoric  add,  whidi  is  immediate^ 
cbcomposed,  and  there  is  so  great  an  evolution  of  heat  as  U> 
set  fire  to  the  alcohoL 

Ea^erimeni  J.—Mlx  some  chlorate  of  potassa  between  the 
fingers  with  about  half  as  much  flowers  of  sul^^ur,  and  throw 
the  mixture  into  sulphuric  add,  contained  in  a  beiter-giasB ;  % 
brisk  crackling  ensues,  and  the  sulphur  takes  fire.  This  experi- 
ment is  daily  performed,  tiiough  in  a  somewhat  different  way. 
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in  every  £h»rmaa  honselicM,  atehoagh  not  exadfy  wiA  the 
yiewofBtadjingchemistnr.  EFeiyoiieTOilarmsitwliok^iiites 
a  match  by  means  of  the  lucifer-matdi  bottle.  The  Ted  nans 
<»i  the  end  of  the  match  conaiats  of  chlorate  of  pc^aaaa  and 
sulphur,  which  has  been  odonred  red  by  cinnabar ;  and  the 
bome  contains  asbestos,  moistened  with  sulphuric  acid.  The 
asbestos  merely  serres  to  prerent  tiie  too  deep  immersion  o£ 
the  match.  10  parts  of  sulphur,  8  of  sugar,  5  of  gum  arable, 
2  of  cinnabar,  and  thirty  of  finely  powdered  chlorate  of 
potassa,  form  with  water  a  good  inflammable  mass,  witii 
which  the  piece  of  wood  previously  dipped  in  melted  sulphur 
is  coated. 

e, — Chlcorate  of  potassa,  like  nitre,  ozidiaea  the  metab  on 
being  heated  with  tnem. 

/, — ^If  you  heat  dilorate  of  potassa  wi^  muriatic  acid,  chlo- 
rine escapes.  This  dees  not  ^oceed,  however,  from  the 
chlorate  ^potassa,  but  from  the  muriatic  acid,  which  is  de- 
prived of  ita  hy&K)gen  by  the  oxygen  of  the  chloric  acid,  in 
the  same  manner  as  it  via  by  the  oxygen  of  the  manganese, 
or  of  the  nitric  add. 

Ghlon^  of  potassa  is  preoared  by  passing  chlorine  into 
a  hot  Bolutian  <^  potassa ;  uie  process  is  ilhistrated  by  the 
annexed    diagrams  two  salts  are  formed  simultaneously, 

chloride  of  potassium  and 
chlorate  of  pctassa ;  the  first  * 
is  easily,  the  latter  more  spar- 
ingly soluble  in  water;  they 
Euilj  may,  therefore,  be  separated 
soluble,   g.^^  Q^^  ^y^  l,y  crystallisa. 

tion. 

Silicate  of  Potassa  is  the  principal  constituent  of  most 
rocks  and  of  glass.  (§  2M.) 

209.  Chhride  of  Foiassimn,  or  Muriaie  (jf  Potassa  (KCi). 

Dissolve  half  an  ounce  of  carbonate  of  potassa  in  water. 

Wig,  114.  and  n^itralise  with  muriatic  acid ;  upon  concen- 
^^^^_  trating  the  solution,  cubic  crystals  will  be  ob- 
f^^^^M  tained,  haviBg  a  taste  similar  to  common  salt. 
I  ^H  They  consist  of  potassium  and  chlraine,  and  if 

I  ^r  dissolved  in  water  tiiey  may  be  iiegarded  as  mu- 

riate  of  potassa,  K  CI  -}-  H  0,  being  the  same  as 
KO,HCa. 
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210.  Iodide  of  Potassium,  or  Hydriodate  ofPottusa  (K  I). 
This  salt  likewise  crystallises  in  cubes,  is  easily  soluble  in 

water,  and  is  employed  in  medicine  as  a  valuable  remedy. 

JExpervment,-^o  prove  that  iodine  is  really  contained  in 
this  white  salt,  heat  a  small  portion  of  it  in  a  test-tube  with 
a  little  black  oxide  of  manganese  and  some  drops  of  sul- 
phuric acid,  when  violet  fumes  will  be  evolved.  If  commcm. 
salt  is  treated  in  the  same  manner,  chlorine,  as  is  known, 
will  be  given  off.  The  chemical  action  is  the  same  in  both 
caaes.  _ 

211.  Ta/rtar,  or  Bitartrate  of  I'ofassa  (K  0, 2  T  +  H  O). 
Common  sorrel,  the  shoots  of  grape-vines,  unripe  grapes, 

&c.,  have  an  acid  taste ;  they  contain  an  acid  salt,  tartar. 
Fig.  116.  (§  195.)     These  plants  absorb  the  alkali 

^^^.  from  the  soil,  but  by  some  unknown  pro- 

\y^/  \\.^  cess  they  prepare  the  tartaric  acid  by 
j^^^^— 2_III^li^^-^^=^=^  means  oi  their  own  organisation.  Eipe 
\,  Xrr__J-_.  J  grapes  also  contain  tartaric  acid,  but  the 
^^^L  ""--■ — -^^  sour  taste  is  concealed  in  them  by  the 

\s\  y^  sweet  taste  of  sugar,  and  we  do  not  per- 
^\^  ceive  it  until  the  sugar  is  converted  by- 

fermentation  into  alcohol ;  that  is,  until  the  must  is  converted 
into  wine.  A  great  part  of  the  tartar  is  deposited  in  the 
wine-casks  as  a  hard,  grey,  or  red  crust  (crude  tartar). 
'  When  this  is  purified  from  colouring  matter  by  recrystaUi- 
sation,  we  obtain  a  white  tartar  (punfied  tartar).  The  pow- 
der of  it  is  well  known  under  the  name  of  cream  of  tartar. 
Tartar  is  very  sparingly  soluble  in  water.  That  it  burns  on 
heating,  forming  carbonate  of  potassa,  has  been  already- 
shown  under  tartaric  acid.  Pure  carbonate  of  potassa  is 
commonly  prepared  from  tartar.  _ 

Neutral  Tartrate  of  Potassa  (K  O,  T). 

To  prepare  this  salt,  dissolve  half  an  ounce  of  pure  car- 
bonate of  potassa  in  two  and  a  half  ounces  of  water,  then  add 
one  ounce  of  purified  tartar,  and  let  the  mixture  stand  for  a 
day  in  a  warm  place,  frequently  stirring  it.  The  filtered 
liquid,  after  sufficient  evaporation,  yields  prismatic  crvstals, 
or,  when  evaporated  to  dryness,  a  white  powder.  This  salfc 
is  very  easily  soluble,  but  is  also  very  easily  decomposed  by- 
other  acids,  even  by  very  feeble  ones.  On  mixing  a  solution 
of  it  with  vinegar,  a  white  powder  (cream  of  tartar)  is  pre- 
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cipitated.  The  second  atom  of  the  base  is  very  easily  ab- 
stoicted  by  other  acids,  and  thus  the  sparingly  soluble  acid 
salt,  tartar,  is  again  formed. 

As  in  the  above  experiment,  the  second  atom  of  the  acid 
in  the  tartar  was  neutralised  by  potassa,  so  we  can  also  neu- 
tralise it  by  other  bases.  We  obtain  in  this  manner  double 
salts,  several  of  which  are  used  as  valuable  medicines. 


Tartrate  of  p(>tassa  -j-  tartrate  of  water  =  cream  of  tartar. 

soda     ^  =  Rochelle  salts. 

ammonia  "=  ammoniated  tartar, 

peroxide  of  iron    =  tartii  vised  iron, 
oxide  of  antimony  =»  tartar  emetic. 


t 
t 


212.  Salt  of  Sorrel,  Acid  Oxalate,  or  JBi/noxalate  of  Po- 
tassa  (K  0,  2  C,  O3  +  2  H  0). 

The  leaves  of  the  wood-sorrel  have  a  sour  taste,  and  con- 
tain also  an  acid  salt,  the  base  of  which  is  likewise  potassa ; 
the  acid,  however,  is  not  tartaric,  but  oxalic  acid.  In  those 
places  where  the  sorrel  grows  abundantly,  the  juice  is  ex- 
pressed, and  the  salt  is  obtained,  by  evaporation  and  crys- 
tallisation, in  white,  sparingly  soluble  crystals.  It  has 
already  been  noticed.  (§  197.)  It  is  in  common  use  for  re- 
moving ink-spots  from  linen. 

213.  Liver  of  Sulphur,  or  Tersulphuret  of  Potassium 
(3KS3  +  KO,S03). 

Experiment. — Put  a  mixture  of  one  drachm  of  sulphur  and  ' 
two  drachms  of  dry  carbonate  of  potassa  into  an  iron  ladle, 
cover  it  with  a  strip  of  sheet-iron,  and  heat  it  until  the 
eifervescence  has  ceased  and  the  mass  flows  quietly.  The 
fused  mass  has  the  colour  of  liver,  and  on  this  account  has 
received  the  name  liver  of  suVphwr ;  pour  it  upon  a  stone, 
and  if  it  should  inflame,  cover  it  with  a  vessel  to  extinguish 
it.  On  exposure  for  some  time  to  the  air  it  becomes 
greenish  and  moist,  and  evolves  an  odour  like  that  of  rotten 
eggs.  The  simple  sulphur  cannot  combine  directly  with  the 
compound  carbonate  of  potassa,  but  it  can  do  so  if  the  latter 
surrenders  its  carbonic  acid  and  its  oxygen.  This  does  take 
plaee.  The  carbonic  acid  escapes  with  effervescence,  while 
the  oxygen  combines  with  one  quarter  of  the  sulphur,  form- 
ing sulphuric  acid,  which  unites  with  a  portion  of  the  un- 
decomposed  potassa,  forming  sulphate  of  potassa;  accord- 


192 


ALKALTES. 


Volatile. 


Soluble. 


ingly,  the  lirer  of  snlpbur  is  a  mixture  of  tersulpkurei  of 
potassitim  and  sulphate  of  pciassa. 

Escperiment, — Pour  water  into  a  test-tube  containing  some 
liver  of  sulphur ;  you  obtain  a  yellowish-green  solution.  If 
to  this  you  add  diluted  sulphuric  acid,  a  strong  erolution 

of  aulphn/retted  h/drogen  takes 
place,  and  the  liquid  becomes 
milky  from  the  precipitation  of 
two-thirds  of  the.  sulphur  (milk 
of  sulphur) .  A  decomposition 
of  water  hereby  takes  place; 
the  ozysen  of  the  water  con- 
verts the  potassium  into  po- 
Insoluble.  tassa,  which  imites  with  the 
sulphuric  acid,  but  the  hydro- 
gen escapes,  with  one-third  of  the  sulphur,  as  sidphuretted 
hydrogen.  The  same  thing  is  effected,  though  far  more 
slowly,  by  the  carbonic  acid  of  the  air,  and  thus  is  explained 
why  the  liver  of  sulphur  (as  well  as  the  residue  left  on  the 
combustion  of  gunpowder)  emits  a  smell  like  that  of  rotten 
eggs  when  it  is  left  exposed  to  the  air. 

The  liver  of  sulphur  is  chiefly  used  for  preparing  sulphur 
baths.  A  similar  preparation  is  obtained  m  the  moist  way, 
as  has  been  described.  (§  129.) 

Besides  this  combination  ofpotasait^n  with  su^hur,  there 
are  several  others,  containing  either  more  or  less  sulphur. 
The  simplest  compound  of  sidphur  and  potassium  (K  S)  is 
obtained  by  heating  together  sulphate  of  potassa  and  char- 
coal, which  latter  abstracts  the  oxygen  both  from  the  potassa 
and  from  the  sulphuric  acid,  forming  with  it  carbonic  oxide, 
which  escapes.  In  the  same  manner  all  sulphates  are  con- 
verted into  sulphiirets  by  heating  them  with  charcoal. 

214.  Fotassa  Salts  as  Manure. — ^The  salts  of  potassa  ex- 
ercise a  very  beneficial  influence  upon  the  fortuity  of  the 
son,  and  are  particularly  adapted  for  those  plants,  in  the 
ashes  of  which,  when  burnt,  the  potassa  salts  are  found; 
namely,  for  the  grape-vine,  potatoes,  turnips,  Ac.  Such  plants 
may  be  cdiSled  potassa  pUmts,  It  is  now  known  that  plants 
do  not  flourish  even  in  the  richest  soil,  unless  they  find  in  it 
certain  bases  (potassa,  lime,  &c.),  and  also  certain  acids 
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(silicic,  phosphoric,  sulphuric,  &c.)  In  order  to  ascertain 
what  acids  and  bases,  or,  in  other  words,  what  salts,  are  re- 
quired for  the  cultivation  of  a  certain  plant,  it  is  merely- 
necessary  to  burn  this  plant  and  examine  the  ashes.  The 
substances  which  are  found,  though  their  amount  ip  generally 
but  very  small,  must  be  regarded  as  indispensable  to  the 
nourishment  of  this  plant.  K  the  soil  is  destitute  of  potassa, 
neither  turnips  nor  grape-vines  will  flourish  in  it ;  if  destitute 
of  lime,  it  wiU  produce  neither  clover  nor  peas.  By  the 
addition  of  potassa  salts  we  can  restore  to  such  a  soil  its 
fertility  for  the  potassa  plants,  and  by  the  addition  of  lime 
we  again  render  it  productive  for  the  lime  plants.  On  this 
is  founded  the  application  of  the  so-called  mineral  manure 
(lime,  gypsum,  wood-ashes,  salt,  &c.)  to  our  fields.  Common 
dung,  ^0,  and  the  liquid  which  flows  i5pom  it,  operate  partly  in 
the  same  way,  since  they  are  rich  in  T)hosphoric  acid,  as  well 
as  in  alkaline  and  in  lime  salts.  Ii  turnips  are  cultivated 
season  afber  season  upon  the  same  field,  the  potassa  will 
finally  become  exhausted,  and  turnips  will  no  longer  grow 
there ;  the  same  thing  happens  when  peas  are  planted  year 
after  year  upon  the  same  land,  as  they  will  at  last  exhaust  aU. 
the  soluble  lime  from  the  soil.  But  turnips  will  flourish  in 
this  latter  field,  because  it  still  contains  potassa,  and  peas  in 
the  former  field,  where  lime  is  still  present.  Thus  is  ex- 
plained, in  a  very  simple  manner,  the  advantage  of  the 
rotation  of  crops,  which  has  been  universally  introduced  into 
agriculture. 

SODITIM  (Na). 

AV  Wt  =  23.— Sp.  Gr.  =  0.9. 

Common  Salt,  Chloride  of  Sodium,  or  Muriate  of  Soda  (Na  CI) . 

216.  ^Eomeriment.  —  Dissolve  one  ounce  of  salt  in  two 
ounces  and  three-fourths  of  cold  water ;  the  water  will  dis- 
solve no  more,  even  if  added.  Eepeat  the  experiment,  using 
hot  instead  of  cold  water ;  the  result  is  precisely  the  same. 
Common  salt  has  the  remarkable  property  of  bein^  equally 
soluble  in  hot  cmd  in  cold  water,  A  larger  quantity  of  almost 
all  other  salts  is  dissolved  by  hot  than  by  cold  water.  Put 
one  of  these  solutions  in  a  warm  place;  by  the  gradual 
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eTaporation,  regular  transparent  crystals  of  com* 

*^'      '     mon  salt  are  formed.    Boil  down  the  other  solu^ 

^^^^—  tion,  qniekly  stirring  it  all  the  while ;  it  yidds 

j-^^^^H  a  granular,  opaque,  saline  powder  (disturbed 

^H  crystallisation).     Salt  is  prepared  as  last  de- 

I ^r   scribed  on  a  large  scale,  and  hence  the  granular 

state  of  common  salt. 

JSkperiment. — ^If  you  expose  a  solution  of  salt  in  an  opep 
place  during  the  extreme  cmd  of  winter,  transparent  prismatio 
crystals  wiU  be  formed,  which  contain  more  tnan  one-third  <£ 
water.  When  placed  on  the  hand  th^  quickly  become 
opaque  and  deliquesce  into  a  syrupy  mass,  m  which  numerous 
small  cubic  crystals  may  be  perceived.  This  experiment 
shows  verly  clearly, — 

1.)  How  one  and  the  same  body  may  assume  different 
forms  at  different  temperatures;  at  common  temperatures 
salt  crystallises  in  anhydrous  cubes,  but  under  the  mfluenoe 
of  cold  in  hydrated  prisms. 

2.)  How  great  an  influence  temperature  exerts  upon  the 
affinities  of  bodies  for  each  other.  At  a  temperature  above 
the  freezing  point,  salt  has  no  affinity  for  water ;  we  obtain 
anhydrous  cubes;  below  the  freezing  point  it  has  an  affinity 
for  water,  and  we  obtain  prisms  which  consist  of  a  chemicid 
combination  of  salt  and  water. 

3.)  How  easily  chemical  bonds  of  affinitjr  may  be  destroyed 
again ;  the  heat  of  the  hand  even  is  sufficient  to  destroy  the 
affinity  of  salt  for  water. 

Experiment — ^Heat  some  common  salt  on  platinum  foil; 
it  will  crackle  briskly,  and  part  of  it  will  be  flirown  off  the 
foil ;  that  which  remains  melts  when  the  foil  becomes  red- 
hot.  The  crackling  proceeds  from  a  trace  of  water  (water  of 
decrepitation),  whidi  has  remained  in  the  interstices  of  the 
crystals ;  on  being  heated  it  expands  and  bursts  the  crystals 
asunderJ 

Salt  nas  been  previously  twice  artificially  prepared; 
namely,  once  from  sodium  and  chlorine  (§  153),  and  again 
from  soda  and  muriatic  add  (§  186) ;  its  constituents  are 
accordingly  already  known.  It  has  the  formula  Na  CI.  If 
water  is  present,  it  may  be  regarded  also  as  muriate  of  soda, 
for  Na  CI  +  H  O  is  equal  to  Na  0,  H  CI. 

216.  The  earth  and  sea  abound  in  common  salt;  it  may 
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ih^efore  be  easily  procured  in  large  quantities.  In  many 
places  it  is  found  in  the  interior  of  tne  earth,  ia  immense 
beds,  from  which  it  is  broken  up  and  dug  out.  This  salt 
looks  like  a  transparent  stone,  and  is,  therefore,  called  roeh- 
m2^.  In  those  places  wh«*e  the  rock^ialt  is  mixed  with 
stcmes  and  earth,  a  hole  is  bored  in  the  middle  of  the  bed,  and 
water  is  let  into  it.  The  wat^  is  pumped  out  again  as  soon 
as  it  has  become  saturated  with  the  salt,  and  is  again  expelled 
by  eraporation.  In  some  places  springs  are  found  contain- 
ing siut  in  solution,  the  so-called  natural  hrine  spring. 
These  are  always  occasioned  by  the  water  permeating  the 
earth  oyer  a  bea  of  rock-salt,  and  appeanng  as  a  spring  at 
some  lower  leyel. 

As  the  natural  tprings  commonlj  contain  much  more 
water  thau  is  necessary  for  i^  solution  of  the  salt,  a  cheaper 
method  than  that  of  £re,  namely,  a  current  of  air,  is  first 
employed  for  the  eyaporation  of  it.  The  salt  water  is  pumped 
up  to  the  top  of  a  lofty  scaffolding  (grad/uation-house)  ^  Med 
up  with  bundles  of  thorns,  and  from  which  it  is  made  to  fall 
1^  drops  through  the  thorns.  It  diffuses  itself  oyer  the 
Inronches,  and  thus  presents  a  yery  large  surface  to  the  air 
passing  through,  whereby  yery  rapid  eyaporation  is  effected. 
All  natural  salt  waters  contain  siuphate  of  lime  in  solution ; 
this  is  deposited  first,  since  it  is  difficultly  soluble,  and 
encases  the  branches  with  a  hard  crust.  When  the  greater 
portion  of  the  water  is  eyaporated,  the  concentrated  brine  is 
finally  boiled  down  with  constant  stirring  in  large  pans,  and 
the  granular  salt,  which  separates,  is  n^ed  out  and  dried. 
During  the  eyaporation,  a  solid  incrustation  is  deposited  at 
tiie  bottom  of  the  pans,  consisting  principally  of  Glauber 
salts  and  sulphate  of  Hme,  and  from  which  Glauber  salts  are 
extracted.  Finally,  a  somewhat  thick  liquid  remains,  the  so- 
called  mother-water,  from  which  no  more  salt  can  be  ex- 
tracted ;  it  contains  the  easily  soluble  foreign  salts  present 
in  the  brine,  namely,  chlorides  of  calcium  and  magnesium, 
and  bromide  of  magnesium,  and  is  uysed  for  baths  and  Tov  the 
pr^aration  of  bromine. 

Li  hot  countries,  salt  is  also  prepared  from  sea-water, 
which  is  eyaporated  in  shallow  tanks  by  the  heat  of  the  sun. 
It  is  called  bajf-salt,  and  has  a  bitterish  taste,  owing  te  the 
presence  di  salts  of  magnesia.    A  pound  of  sea-wi^r  con- 
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tains  from  one-half  to  five-eighths  of  an  ounce  of  common 
salt. 

217.  Small  quantities  of  common  salt  are  found  in  almost 
eyery  spring  of  water,  in  every  soil,  in  every  plant.  Is  this 
universal  dfeision  of  salt  to  be  regarded  as  accidental  ?  By 
no  means.  This  is  one  of  the  spiritual  ^vantages  to  be  de- 
rived from  the  study  of  the  natural  sciences,  that  they  lead 
us  to  recognise  in  the  wonderful  arrangements  of  nature, 
not  the  sport  of  chance,  but  the  forming  hand  of  an  Eternal 
"Wisdom.  "We  find  common  salt  everywhere  in  nature,  be- 
cause it  is  indispensable  to  the  life  oi  animals  and  plants. 
"Without  salt,  no  complete  digestion  of  food  could  take  place, 
and  therefore  we  justly  regard  it  as  a  universal  condiment. 
Animals  find  it  m  the  flesh  and  plants  by  which  they  are 
nourished ;  plants  receive  it  from  the  soil  and  rain,  and  it  is 
well  known  that  we  can  promote  the  fertility  of  our  fields  by 
the  application  of  a  coarse  kind  of  salt. 

Salt  is  also  used  for  preserving  animal  and  vegetable  sub- 
stances, it  having  the  power  of  preventing  chemical  decom- 
positions, or,  in  common  language,  putrefaction  or  decay. 
Meat  and  fish  are  salted  down,  and  wood  for  the  purpose 
of  building  is  rendered  more  durable  by  being  impregnated 
with  salt. 

218.  Glavher  Salts,  or  Sulphate  of  Soda  (Na  0,  S  O3  + 

10  H  0). 

As  most  of  the  potassa  salts,  potassa,  and  potassium  are 

prepared  from  carbonate  of  potassa,  so  most  of  the  soda  salts, 

soda,  and  sodium  are  prepared  from  common  salt.     In  the 

Fig.  117.   latter  case,  however,  an  indirect  process  must  often 


^^ 


be  resorted  to,  since  chlorine  is  not  so  easily  re- 
moved from  sodium  as  carbonic  acid  is  from  potassa. 
The  chloride  of  sodium  must  first  be  converted  into 
sulphate  of  soda,  "We  are  already  acquainted  with 
this  salt,  it  having  remained  in  the  retort  after  the 
preparation  of  muriatic  acid  (§  185),  where  common 
salt  was  heated  with  sulphuric  acid.  It  was  for- 
merly taken  as  a  popular  medicine,  imder  the  name 
of  Glauber's  salts,  so  called  from  its  discoverer,  the  physician, 
Glauber,  "We  find  it  also  in  many  mineral  waters ;  for  in- 
stance, in  the  Cheltenham  and  Carlsbad  waters,  and  in.  the 
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inerastation  of  tbe  salt-pans,  as  was  mentioned  under  common 
salt.  It  is  readily  soluble,  crystallises  in  four  or  six  sided 
piiams,  and  has  a  saline  bitter  taste. 

Eacpervment. — Place  half  an  ounce  of  transparent  crystal- 
lised Glauber  salts  in  a  warm  place;  they  soon  become 
covered  with  an  opaque  white  coating,  and  finally  crumble 
into  powder ;  they  effloresce.  The  powder  obtained  weighs 
hardly  a  quarter  of  an  ounce.  That  which  was  lost  was 
water.  Q-lauber  salts  contain  more  than  half  their  weight  of 
water  of  crystallisation.  It  is  thus  obvious  that  it  is  this 
chemically  combined  water  which  imparts  to  the  salt  its  form 
and  transparency,  both  of  which  are  lost  when  the  water  is 
evaporated  by  the  heat;  but  they  reappear  when  the  pul- 
verulent anhydrous  salt  is  dissolved  in  boiling  water,  and  the 
solution  allowed  to  cool.  Carbonate  of  potassa  is  a  deli- 
quescent salt,  common  salt  is  a  permanent  salt  in  the  air, 
while  Glauber  salts  are  efflorescent.  Salts  which  effloresce 
must  be  kept  in  a  cool  place,  well  corked  up. 

JExperiment. — ^If  a  crystal  of  Glauber  salts  is  heated  on 
charcoal  before  the  blow-pipe,  it  soon  melts,  because  it  dis- 
solves in  its  water  of  crystallisation  (watery  fusion)  ;  it  be- 
comes dry  as  soon  as  the  water  is  expelled ;  but  finally  it 
melts  for  the  second  time  when  heated  to  redness  (igneous 
fusion) .  Those  salts  which  contain  no  water  of  crystallisation 
undergo  only  the  latter  kind  of  fusion. 

Eccperinient, — Heat  in  a  small  flask  half  an  ounce  of  water 
Fig.  lia  to  91°  F.  (33°  C),  and  keep  it  at  this 

temperature,  gradually  adding  crystal- 
lised Glauber  salts,  as  long  as  they  are 
dissolved,  amounting  to  about  an  ounce 
and  a  half.  If  a  stronger  heat  be  now 
applied  to  the  saturated  solution,  a  salt 
will  separate  (anhydrous  crystals)  ;  if 
you  let  it  cool,  a  salt  will  likewise 
separate  (hydrated  crystals)  ;  —  fur- 
nishing another  example  of  the  great 
influence  exerted  by  temperature  on 
the  affinity-  of  water  for  other  sub- 
stances. Glauber  salts  have  the  pecu- 
^  liar  property  of  being  most  soluble  in 
water,  not  at  the  boiling  point,  but  at  a  lower  temperature. 
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Saperiment, — If  you  dissolye  crystallised  GHauber  salts  in 
water,  cold  is  produced ;  but  if,  on  the  contrary,  you  dissolye 
anliydrous  Glauber  salts  in  water,  then  heat  is  produced. 
You  will  observe  exactly  the  same  phenomena  if  you  perform 
this  experiment  with  carbonate  of  soda,  taking  first  the  cry»- 
tallised  and  then  the  calcined  carbonate  of  soda.  Wlienoe 
the  source  of  this  heat  ?  It  comes  £rom  the  watevy  because  a 
part  of  the  water  combines  with  the  anhydrous  G-lauber  salts, 
or  the  anhydrous  carbonate  of  soda,  as  water  of  crystattiBa- 
tion.  Consequently,  it  is  a  phenomenon  very  similar  to  that 
which  takes  place  in  the  slaking  of  lime.  (§33.) 
219.  Sulphuret  of  Sodium  (Na  S). 

Experiment. — Mix  a  small  portion  of  anhydrouB  Glaniber 


Fig.  119. 


salts  with  a  little  charcoal 
powder,  and  heat  the  mixtoFS 
on  charcoal  before  the  bioir- 
pipe;  they  will  melt  witti 
brisk  efferrescence  into  a 
brown  mass,  which  dissolves 
in  water,  forming  a  yellowish 
liquid.  The  charcoal,  when 
heated  to  redness,  abstracts 
the  oxygen  both  from  the 
soda  and  from  the  sulphuric 
acid,  and  forms  with  it  car- 
bonic oxide  gas,  which  escapes 
with  effervescence ;  sodium 
and  sulphur  remain  behind, 
combined  with  each  other. 
That  is,  the  charcoal  deoxi- 
dises the  sulphate  of  soda,  or 
reduces  it  to  sulphuret  of  sodium. 

If  you  drop  muriatic  or  diluted  sulphuric  acid  into  the  solu- 
tion, tne  disagreeable  smeU  of 
Volatite.  sulphuretted  hydrogen  will  be 
given  off,  just  as  in  the  case  of 
liver  of  sulphur.  (§  215.)  If 
you  now  let  the  liquid  evapo- 
rate on  a  glass  plate,  you  obtain,  in  the  former  case,  small 
cubes  of  common  salt,  and  in  the  lattar,  a  pulverulent  incrus- 
tation of  Glaubar  salte. 


Volatfle. 


Non- 
volatile. 


Non- 
yolatfle. 
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220.  Carbonate  of  Soda  (Na  0,  C  O,  +  10  H  0). 

Mgperiment. — ^Prepare  some  more  sulpfiuret  of  sodium  in 
the  manner  just  described^  rub  it  in  a  mortar  with  the  ad- 
hering particles  of  charcoal  and  Tfith  about  its  own  weight  of 
chalk,  and  ignite  it  again  before  the  blow-^ipe.  Boil  the 
baked  saline  mass  in  water,  and  then  flter  the  liquid.  A 
grey  powder  remains  behind,  which,  when  drenched  with 
muriatic  acid,  evolves  sulphuretted  hydrogen;  it  is  siil- 
phuret  of  calcium.  The  liquid,  after  being  eraporated  on  a 
shallow  glass  dish,  leaves  behind  a  white  powder,  which  has 
an  fllkflliTifl  reaction  and  effervesces  with  muriatic  acid,  but 
yet  wil^out  emitting  any  disagreeaUe  odiHir ;  it  is  eaibonate 

of  sods.   The  sulphur  has  thus 

Sparingly  pamed  to  the  calcium  of  the 

^""^^"^    dialk,  whHe  the  oxygen  and 

^ll    the  earb<mic  acid  of  the  chalk 

have  passed  to  the  sodium.  By 
these  processes  it  will  be  seen  that,  as  in  the  dailj  affiurs  of 
life,  so  also  in  chemistry,  we  can  oft^i  obtain  indurectly  that 
which  could  not  be  gained  directly.  Sodium  has  a  stronger 
affinity  for  chlorine  than  for  oiygen ;  therefore  we  cannot 
prepare  soda  directly  from  common  salt ;  but  by  means  (^ 
iBulphuric  acid  we  can  easily  convert  the  haloid  salt  into  an 
oxy-salt, — ^into  sulphate  of  soda.  The  strong  sulphuric  acid 
camiot  be  directly  expdled  from  this ;  we  therefore  first  de* 
compose  it  into  oxygen  and  sulphur,  and  afterwards  remove 
the  sulphur  by  another  metal,  calcium,  which  forms  with 
sulphur  an  insoluble  compoundl  Soda  is  thus  obtained,  yet 
not  in  a  free  state,  but  as  carbonate  of  soda ;  carbonic  acid, 
however,  is  so  feeble  an  acid,  that  it  may  easily  be  expelled 
by  another  acid,  or  by  caustic  lime. 

As  carbonate  of  soda  possesses  almost  exactly  the  same 
properties  as  carbonate  of  potassa,  and  can  be  advantageously 
employed  instead  of  the  latter  in  washing  and  bleaching,  and 
also  in  the  manufacture  of  glass  and  soap,  it  is  now  manufac- 
tored  on  a  large  scale  in  chemical  works.  There  are,  in  Ger- 
many, laboratories  where  from  ten  to  twelve  thousand 
hundred-weights  of  soda  are  annually  made.  The  process 
pursued  is  essentially  the  same  as  that  already  described,  ex- 
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Fig.  120. 


cept  that  the  two  operations^ 
described  separately  aboTe,  are 
united  into  one ;  the  chalk  or 
limestone  is  added,  in  the  first 
place,  to  the  G^lauber  salts  and 
charcoal,  and  the  whole  mass 
is  heated.  This  is  done  in, a 
large  oven-shaped  furnace,  re- 
presented in  tne  figure,  a  is 
the  grate,  h  the  ash-pifc,  t>  the 
chimney,  d  d  the  hearth  for 
receiving  the  mixture,  i  the 
aperture  for  throwing  in  the 
mixture,  and  a  an  opening  for 
stirring  it  ana  scooping  it  out. 
Thej  are  called  reverberatory- 
\  furnaces,  because  the  heating 
is  effected,  not  by  the  fud 
itself,  but  by  the  flame,  which  is  reverberated  after  passing 
over  the  bridge  c ;  they  possess  this  important  advantage, 
that  the  ashes  of  the  coal  or  peat  do  not  become  mixed  with 
the  substance  to  be  heated.  In  many  countries  an  impure 
soda  is  also  obtained  &om  the  ashes  of  marine  plants  (kelp). 
Carbonate  of  soda  consists  of  equal  atoms  of  soda  and 
carbonic  acid.  It  occurs  in  commerce,  either  crystallised^^ 
it  then  contains  more  than  half  its  weight  of  water  of  crys- 
tallisation (10  atoms)  and  effloresces  very  readily — or  cah 
cined,  consequently  anhydb'ous.  The  latter,  accordingly, 
when  it  occurs  pure,  is  of  more  than  twice  the  strength  of 
the  crystallised.  Carbonate  of  soda  is  easily  soluble  in 
water.  Many  mineral  waters — ^for  example,  the  Carlsbad 
springs — contain  great  quantities  of  it  in  solution;  Carls- 
bad salt,  obtained  by  evaporating  the  waters  of  the  spring, 
is  a  mixture  of  carbonate  and  sulphate  of  soda. 

Bicarbonate  of  Soda  (Na  0, 2  C  0,  +  H  O) 
is  more  sparingly  soluble  than  the  former  salt,  and  is  fre- 
quently used  in  effervescing  powders,  because  it  evolves  on 
being  mixed  with  acids  as  much  carbonic  acid  again  as  the 
simple  carbonate.     Effervescing  powders  are  prepared  by 
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iriturating  together  equal  portions  of  tartaric  acid  and  bicar- 
Ixmate  of  soda.  If  you  put  this  mixture  into  water,  tar- 
trate of  soda  is  formed,  and  carbonic  acid  escapes.  When* 
heated,  this  salt  comports  itself  like  the  bicarbonate  of  po- 
tassa. 

221.  Soda,  or  Oa^ide  of  Sodium  (Na  0). 
K  you  take  from  the  carbonate  of  soda  its  carbonic  acid, 
soda  will  remain  behind.  This  is  done  by  boiling  a  solution 
of  soda  with  quick  lime,  in  the  same  manner  as  was  described 
tmder  potassa.  (§  203.)  The  liquid  thus  obtained  is  called 
caustic  soda  h/e,  and  yields,  after  evaporation,  caustic  soda. 
This  contains,  like  caustic  potassa,  yet  one  atom  of  water, 
which  it  does  not  part  with  even  when  heated  to  redness ; 
hence  it  has  been  more  correctly  called  hydrate  of  soda 
(Na  O,  HO).  The  hydrate  of  soda  has  a  corrosive  action, 
forms  soap  witii  fat,  and  hard  glass  when  melted  with  sand  ; 
it  is  a  very  strong  base,  like  caustic  potassa,  for  which  it  is 
often  substituted  in  preference  in  the  arts. 

222.  Sodium  (Na). 

On  abstracting  oxygen  from  the  soda,  metallic  sodium  is 
obtained.  This  metsi  is  prepared  like  potassium,  which  it 
greatly  resembles,  though  it  does  not  act  so  violently  upon 
other  bodies ;  for  instance,  upon  water.  Put  upon  cold 
water,  it'oxidises  without  jSame,  but  put  upon  hot  water,  the 
escapiQff  hydrogen  ignites,  and  bums  with  a  yellow  flame. 

We  nave  now  passed  from  the  most  widely  diffused  com- 
mon salt  to  the  element  sodium,  treating  each  one  in  that 
succession  which  it  is  necessary  to  pursue  in  the  actual  pre- 
paration of  these  substances.  The  following  summary  state- 
toent  may  serve  to  fix  them  on  the  memory : — From  common 
sdt,  or  chloride  of  sodium,  sulphate  of  soda  is  prepared ; 
from  this,  sulphuret  of  sodium ;  from  this,  carbonate  of  soda ; 
then  soda ;  and  finally  sodium. 

A  few  other  salts  of  soda  will  now  be  considered. 

223.  Flosplate  of  Soda, 

^E^eriment, — ^Neutralise  half  an  ounce  of  carbonate  of 

soda,  dissolved  in  water,  with  phosphoric  acid  prepared  from 

bones ;  filter  the  liquid  from  the  phosphate  of  lime  which 

separates,  and  evaporate  the  filtrate  until  a  film  forms  on  the 
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8iii£ice ;  on  cooling,  transparent  crystals  will  be  dqioeited, 
whicH  contain  more  than  half  their  weight  of  water  of  etys- 
tallisation.  Thej  easily  effloresce,  and  yield  a  ydiow  predpi- 
tafce  with  a  solution  of  nitrate  of  Enlver. 

Experiment. — ^Let  some  of  the  crystals  of  the  phosphate  of 
Fig.  121.  ^^^^  effloresce  in  a  warm  place,  and 

afterwards  heat  them  to  rednees  in  a 
porcelain  crucible.  When  the  maaa  is 
cold,  dissolve  it  in  water,  and  evaporate 
the  solution ;  you  obtain  a  salt  whidi 
contains  fax  less  water  of  crystallisap 
tion  than  the  former  one ;  it  no  longer 
effloresces,  and  yields  w^h  nitrate  of 
silver  a  white  precipitate ;  it  has  received  the  name  of  pyro- 
phosphate of  soda.  This  example  shows  how  the  affimly  of 
a  salt  for  water  may  be  weakened  by  being  heated  to  redness, 
and  how  the  properties  of  a  salt  may  be  changed,  according 
to  the  amount  of  water  with  which  it  is  chemi^y  united. 

224.  Nitrate  of  Soda  (Na  O,  N  Os). 
Experiment, — Dissolve  half  an  ounce  of  carbonate  of  soda 
in  a  little  hot  wat^r,  and  neutraliBe  it  with  nitric 
^'^  '  ^  acid ;  then  evaporate  the  solution  till  a  pellicle 
begins  to  form,  when  crystals  will  separate,  naving 
the  form  of  an  oblique  rhcHnbic  pnsm ;  th^  aie 
nitrate  of  soda.  They  deflagrate  on  charcoal  like 
nitrate  of  potassa,  only  somewhat  less  violently,  and  have  the 
greatest  similarity  to  it  in  other  respects.  Lu*ge  districts  of 
this  salt  are  found  in  America,  whence  whole  ship-loads  of  it 
are  exported,  under  the  name  of  CkUi  saltpefyre;  and  it  is 
substituted  for  the  more  costly  nitre  in  the  manu&ctuie  of 
nitric  acid  and  some  of  its  salts.  But  it  does  not  answer  ftir 
making  gunpowder,  as  the  powder  thus  prepared  becomes 
moist,  and  detonates  too  slowly. 

225.  Bihorate  of  Soda  (Borax)  (Na  O,  2  B  O,  +  10  H  O). 
The  hard,  colouriess  crystals  commonly  called  borax,  and 
generally  covered  with  an  efflorescent  powder,  conaist  of  soda 
and  boracic  acid.  Boradc  acid,  in  the  moist  condition,  is  a 
feeble  acid ;  therefore,  like  carbonic  acid,  it  cannot  entirely 
conceal  the  basic  properties  of  soda;  and  bcwaz  has  an 
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alkaline  taste,  and  eolonrs  red  test-paper  blue.    Eorax  ocm- 
tains  half  its  weight  of  water  of  crystallisation. 

Maperimeni, — Heat  some  powdered  borax  upon  a  platinum 
wire  before  the  blow-pipe ;  it  will  puff  up  and  swell  in  its 
water  of  crystallisation,  and  be  Cfmverted  into  a  p<»ou8 
spongy  mass ;  on  being  fttrther  heated,  it  fuses  to  a  trans- 

Earent.  head.  Moisten  tiiis  bead  with  the  tcmgue,  apply  it  to 
tharge  so  tlmt  some  of  the  latter  may  adhere  .to  it,  and 
^^ain  h(^d  it  in  the  extexi(»*  flame  of  the  blow-pipe;  the 
l^jiarge  is  dissolved ;  the  bead  remains  colourless  ana  trans** 
parent.  If  you  now  substitute  for  the  litharge  other  metallic 
oxides,  you  will  likewise  observe  that  the  oxides  will  dissolve, 
but  that  at  the  same  time  the  bead  win  be  coloured  by  them ; 
Bamely,  ydlawUTirred^  by  sesquioxide  of  iron  and  oxide  of 
antimony;  green,  by  l^e  oxides  of  copper  and  chromium; 
lHue,  by  ox£ie  of  cobalt ;  violet^  by  a  smaU  portion  of  oxide  of 
manganese ;  and  hrowfnsJMack,  by  an  excess  of  manganese. 
The  metalHc  oxides  comport  themselves  also  in  the  same 
manner,  when  they  are  fiised  into  common  glass  or  earthen- 
ware. They  are  for  this  reason  called  vitrifiable  pigmenig 
{borates  or  silicates  of  metallic  oxides). 

On  accoimt  of  this  projjeriy  which  borax  has  of  dissolving 
metallic  oxides,  it  is  used  m  cnemistry  as  a  blow-pipe  test  for 
the  detection  of  metallic  oxides,  and  in  the  trades  tor  soldering, 
or  joining  one  metal  with  another. 

Hdd  by  the  pincers  a  piece  of  copper,  on  which  is  placed 
j^  j2a,  *  piece  of  tin  and  iron  wire,  over 

the  flame  of  a  spirit-lamp;  the 
tin  win  indeed  melt,  but  it  w21 
not  adhere  either  to  the  copper 
or  the  iron.  Eepeat  the  experi- 
ment, having  previously  smeared 
the  copper  and  the  wure  with  a 
paste  made  of  borax-powder  and 
water;  the  result  is  now  quite 
Afferent,  for  the  melting  tin  unites  with  both  metals,  and 
flie  wire,  when  cold,  is  found  to  be  firmly  soldered  to  the 
copper.  The  explanation  of  this  different  result  is  simply 
ia  follows.  Metals  only  adhere  to  metals  when  they  have 
clean,  polished  surfaces ;  the  clean  surface  is  lost  on  heating 
the  metals,  because  a  layer  of  oxide  is  formed  upon  them  by 
the  oxygen  of  the  air;  but  the  bright  surface  is  restored 
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again  by  the  borax,  which,  when  it  melts,  dissolves  the  oxide 
formed. 

Borax  occurs  native  (tincal)  in  many  of  the  lakes  of  Asia ;  but 
it  is  now  prepared  also  from  boracic  acid,  which  is  obtained  from 
some  hot  springs  in  Italy,  and  is  neutralised  by  soda. 

226.  Gl(M8  (^Silicic  Add  combined  with  Bases). 

As  boracic  acid  forms  with  soda,  when  heated,  a  vitreous  com* 
pound,  so  silicic  acid,  which  is  very  analogous  to  boracic  acid, 
forms  likewise  a  vitreous  combination  with  soda,  and  also  with 
other  bases,  as  with  potassa,  lime,  oidde  of  lead,  oxide  of  iron,  &C 
Glass^  glazing,  enamel,  &c.,  are  varieties  of  this  combination. 

Experiment — Melt  some  carbonate  of  potassa  or  soda  upon 
a  platinum  wire  before  the  blow-pipe,  and  then  add  a  little 
finely  pulverised  sand ;  upon  placing  it  again  in  the  blow-pipe 
flame,  effervescence  will  ensue,  and  afterwards  a  clear  bead  will 
be  formed.  If  the  proportion  of  sand  used  be  smalls  the 
glass  formed  (basic  silicate  of  potassa  or  soda)  will  dissolve  in 
water  on  long-continued  boiling ;  it  is  then  csUAe^ ^soluble  glass. 
(§  204.)  If  more  sand  is  taken,  a  glass  (acid  silicate  of  potassa 
or  soda)  is  obtained  which  it  is  very  difficult  to  dissolve  in  water. 
To  make  a  glass  which  shall  be  entirely  insoluble,  not  only  in 
water  but  also  in  acids,  beside  the  potassa  and  soda,  some  other 
earth  or  metallic  base — for  instance,  lime  or  litharge — must  be 
added.     Common  glass  is  thus  manu&ctured  in  glass-houses. 

The  materials  which  are  chiefly  employed  in  the  manu£eu2ture 
of  glass  are, — a)  quai*tz,  flint,  or  sand ;  b)  carbonate  of  potassa 
or  wood-ashes ;  c)  carbonate  of  soda  or  Glauber  salts ;  d)  lime 
or  chalk;  e)  litharge  or  minium.    These  substances,  after  being 

Eulverised,  are  mixed  together,  thrown  into  earthen  pots,  and 
eated  in  a  furnace  imtil  the  mass  forms  a  uniform  fluid.  In 
this  state  it  may  be  moulded  like  wax,  cut  and  bent,  pressed 
into  moulds,  and  blown,  and  may  accordins;ly  be  manuractured 
into  all  possible  shapes  and  forms ;  on  coohng,  it  becomes  hard 
and  brittle.  In  order  to  diminish  in  a  measure  the  biittleness, 
the  glass  must  be  cooled  very  slowly  (annealed).  Glass  vessels 
that  are  rapidly  cooled  often  crack  when  they  are  carried  from 
a  warm  into  a  cold  room ;  this  defect  may,  to  a  certcun  degree, 
•  be  corrected,  by  gradually  heating  the  vessels  in  water  till  it 
boils,  and  then  aUowiug  it  to  cool  very  slowly. 

For  colouring  and  painting  glass  the  vitriflable  pigments,  as 
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noticed  in  §  225,  are  employed.  The  milk-white  colour  which 
we  observe  in  the  opaque  glass  of  the  lamp-screens,  and  in  the 
enamel  of  the  dial-plate  of  watches,  is  produced  by  finely  ground 
bone-earth  or  oxide  of  tin,  neither  of  which  substances  is  dissolved 
by  the  vitreous  mass,  but  only  mixes  with  it  mechanically,  and 
renders  it  opaque,  as  chalk  does  water.  Glass  is  ground  by  sand 
and  emery,  polished  by  sesquioxide  of  iron  and'tripoli,  etched  by 
In'drofluoric  acid,  and  very  easily  perforated  by  the  point  of  a 
three-cornered  file,  which  should  be  frequently  moistened  with 
oil  of  turpentine. 

The  two  principal  kinds  of  glass  are, — 

a)  Crown  or  Bohemian  glass,  consisting  of  potassa  (soda), 
lime,  and  silica. 

b)  Flint  or  cr^'stal  glass,  consisting  of  potassa,  oxide  of  lead, 
and  silica. 

Common  boitle-glass  contains  the  same  ingredients  as  crown 
^lass,  with  the  addition  of  sesquioxide  of  iron,  which  imparts 
to  it  a  brownish-yellow  colour,  or  of  protoxide  of  iron;  which 
gives  it  a  green  tinge.  This  iron  is  contained  in  the  impure 
materials  (yellow  sand  and  wood-ashes)  used  in  the  preparation 
of  the  ordinary  sorts  of  glass. 

STSTEMATIC  ABRANOEMENT  OP  THE  COMPOUNDS  OF  POTAS- 
SIUM AND  SODIUM. 

MeiaU :          Potassium.  Sodiam. 

Oxides :          Oxide  of  potassium,  or  caustic  Oxide  of  sodium,    or   caustic 

potassa.  soda. 

StUpkureta:     Sulphuret  of  potassium,  or  liver  Sulphuret  of  sodium. 

of  sulphur. 

ffaloid  SciUs :  Chloride  of  potassium.  Chloride  of  sodium. 

Iodide  of  potassium.  Iodide  of  sodium. 

Oanf-saUt :      Carbonate  of  potassa.  Carbonate  of  soda. 

Bicarbonate  oi  potassa.  Bicarbonate  of  soda. 

Chlorate  of  potassa. 

Nitrate  of  potassa,  or  saltpetre. 


Sulphate  of  potassa. 
Bisnlphate  of  potassa. 


Silicate  of  potassa,  or  glass. 

Basic  silicate  of  potassa,  or  so- 
luble glass. 

Tartrate  of  jpotassa. 

Bitartrate  of  potassa,  or  tartar. 

Double  salts  of  tartar. 

BinoxaUte  of  potassa,  or  salt  of 
sorrel. 

Acetate  of  potassa,  &e. 


I^trate  of  soda,  or  Chili  salt- 
petre. 

Sulphate  of  soda,  or  Glauber 
salts. 

Bisulphate  of  soda. 

Sulphite  of  soda. 

Phosphate  of  soda. 

Silicate  of  soda,  or  glass. 

Biborate  of  soda,  or  oorax. 
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AMMONIA  (S  H^). 

At.  Wt.  =  17*— Sp.  Gr.  [as  gas]  «  0.6. 
227.  Experiment — 1.)  IVGx  intimately  togedier  forty  grains, 
of  fine  iron  filings,  and  two  grains  of  hydrate  of  potassa 
(caustic  potassa),  and  heat  them  in  a  test-tube,  to  which  is 
adapted  a  bent  glass  tube.  (Fig  26.)  As  soon  as  die  atmo- 
spheric air  is  expelled,  receive  the  gas  as  it  is  evolved  in  a 
separate  flask ;  it  may  be  inflamed  by  a  lighted  taper  ;  it  is 

hydrogen.     It  comes  &om  the 
water  of  the  hydrate  of  po- 
Volatile.    tassa,   the  oxygen   of  whicfaL 
combines  with  tiie  iron.    The 
Soluble,     potassa  serves  to  hold  fast  the 
water,  until  a  red  heat  is  pro- 
duced :  water,  by  itself^  could 
have  been    heated    only    to 
212^  F.  (100°  C.) 

JEaperiment — 2.)  Heat  forty  grains  of  iron  filings  and  two 

grains  of  nitre  in  the  same 
manner  as  before.  You  ob- 
tain a  gas  in  which  a  lighted 
taper  is  extinguished ;  it  is 
nitrogen.  The  same  oocurs 
in  the  case  of  nitric  acid  as 
with  the  water ;  the  iron 
abstracts  from  it  oxygen;  and 
its  second  constituent,  nitrogen,  is  thereby  set  free  and  es- 
capes. 

Experiment — 3.)  Unite  the  two  former  experiments  into 

one,  that  is,  heat  eighty  grains 
of  iron  filings  at  the  same 
Volatile.  *^°^®  ^*^  ^^^  grains  of  potassa 
and  two  grains  of  nitre,  in  an 
^®°"  open  test-tube :  neither  hy- 
Volatile.  drogen  nor  nitrogen  is  evolved, 
but  a  oombination  of  both  in 
a  gaseous  form,  having  a  pim- 
gent  odour  resembling  that  of  ammonia.  A  strip  of  moistened 
red  test-paper  held  over  the  test-tube  is  tamed  blue ;  conse- 
quentiy,  this  new  kind  of  gas  possesses  an  alkaline  character ;  we 
call  it  ammonia.    Ammonia  Is^  as  we  see,  a  chemical  combina- 


Volatile. 


Soluble. 
Insoluble. 
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tion  of  hydrogen  and  nitrogen.  But  these  bodies  unite  with 
eadi  other  only  at  the  moment  of  being  liberated  from  another 
combination  (nascent  state).  If  they  do  not  eome  together  till 
afterwards,  when  they  have  already  become  gaseoui,  no  union 
takes  place. 

In  ammonia,  one  atom  of  nitrogen  is  always  combined  with 
three  atoms  of  hydrogen ;  therefore  its  formula  is  N  H^. 
Fit>m  three  measures  of  hydrogen  and  one  measure  of  nitro- 
gl&n  are  formed,  not  four  measures,  but  only  two  measures,  of 
ammoniacal  gas ;  accordingly,  the  ammcHuacal  gas  occupies 
only  half  the  space  preyiouafy  occupied  by  its  constituents,  and 
a  condensation  of  (me-half  is  produced  by  chemical  combina- 
tion. In  tibe  formation  of  water  firom  its  constituents,  this 
condensation  amounted  to  two-thirds.  (§  87.) 

228.  Jmmonia  by  dry  DistiUadon. — Ammonia  is  also  pro- 
duced when  animal  substances  are  heated  with  exclusion  of  air. 
These  substances  always  contain  nitrogen  and  hydrogen,  which, 
at  the  moment  of  beine  set  free  by  heat,  combine  with  each 
other,  forming  ammonia. 

JExperimenL — Reduce  to  a  coarse  powder  one  ounce  of 


Fig.  124. 


bones,  and  heat  them  in  a  flask  as  long  as  any  volatile  matter 
continues  to  escape.  The  flask  must  be  previously  connected, 
by  a  bent  glass  tube,  with  a  bottle  containing  a  little  water, 
which  bottle  must  be  kept  cool  in  a  basin  of  water.  Adapt 
to  the  cork  of  the  receiving  bottle  another  glass  tube  open  at 
both  ends,  through  which  those  gases  may  escape  which  are 
not  abscnrbed  by  the  water.     The^e  smell  very  disagreeably, 
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but  the  odour  vanishes  when  thej  are  inflamed.  The  gases 
bum  with  a  luminous  flame,  like  coal-gas,  which  they  much 
resemble  in  their  constitution.  A  brownish-black  tarry  mat- 
ter is  dep<!fbited  in  the  bottle,  which  is  known  under  the 
name  of  oil  of  hartshorn,  or  DippeFs  animal  oil.  After  the 
completion  of  the  dry  distillation,  it  is  separated  from  the 
watery  solution  by  filtering  through  paper  previously  moist- 
ened with  water.  The  filtrate  still  contains  some  of  this  oil 
in  solution,  and  has  thereby  a  brown  colour  and  an  agreeable 
odour.  But  at  the  same  time  we  perceive  also  a  pungent 
smell  of  ammonia,  which  latter  is  also  detected  by  means  of  red 
test-paper,  the  colour  of  which  is  changed  to  blue. 

Add  some  lime-water  to  this  ammoniacal  solution;  it  be- 
comes turbid,  and  emits  a  more  powerful  odour  of  ammonia. 
The  turbidness  is  owing  to  the  precipitation  of  carbonate  of 
lime,  the  ammonia  not  being  free  in  the  liquid,  but  combined 
with  carbonic  acid.  Carbonic  acid  is  generated  during  every 
combustion  or  charring  of  organic  substances;  it  here  finds  a 
base  in  the  ammonia,  and  consequently  combines  with  it.  In 
the  carbonate  of  potassa.  and  carbonate  of  soda,  we  have  already 
seen  that  the  basic  properties  of  the  potassa  and  of  the  soda 
are  not  entirely  concealed  by  the  carbonic  acid, — ^that  the  base, 
as  it  were,  still  glimmers  through.  Ammonia  also  comports 
itself  exactly  in  the  same  manner ;  although  chemically  com- 
bined with  carbonic  acid,  it  still  emits  a  pungent  odour,  and 
affords  an  alkaline  or  basic  reaction.  Formerly  this  pungent 
brown  liquid  was  used  as  a  popular  sudorific,  and  was  called 
spirit  of  hartshorn^  because  it  was  prepared  fi:om  harts'  horns, 
instead  of  from  bones.  For  the  same  reason,  the  impure  dry 
carbonate  of  ammonia  prepared  from  it  received  the  name, 
still  in  use,  of  salt  o/ hartshorn. 

It  is  only  with  diflBculty  that  this  pungent  oil  can  be  sepa- 
rated from  the  carbonate  of  ammonia ;  this  separation  is  most 
easily  effected  by  converting  the  carbonate  of  ammonia  into 
chloride  of  ammonium. 

Sal  Ammoniac,  or  Muriate  of  Ammonia  (N  H3,  H  CI). 

229.  Experiment. — Neutralise  the  ammoniacal  liquid  ob- 
tained in  the  last  experiment  with  muriatic  acid ;  boU  it  with 
some  animal  charcoal,  and  filter  it.  After  filtration,  the  liquid 
has  less  colour  than  before,  because  a  g^at  part  of  the  colour- 


iii|^ii»tterl»»le6nal)eofbedbjd»diaireoal(§  lOd)  ;  after  siif- 
&sent  eraporatiaa  it  yields  browm  crystals,  whidi  are  fiasUj 
rendered  entirdj  ec^oorless  by  rqKated  solutkm  and  boiHi^ 
with  charcoaL  This  salt  was  ftomerly  pM^pared  in  the  district  of 
Ammonia,  in  Africa,  from  camel's  dung;  hence  its  name,  sal 
ctmmoniae.  The  ammosia  in  this,  as  in  its  other  finlts,  is  so 
completely  neutralised  by  the  acids»  that  joa  can  no  longer 
recognise  it  by  the  smelL 

Experiment  with  Muriate  of  Ammonia* 
Experiment  a. — If  some  muriate  of  ammonia  is  heated  upon 
platinum  foil,  over  the  flame  of  a  spirit-lamp,  it  volatilises 
in  white  fumes.  AH  ammoniacal  salts  are  volatilised  by  heat 
If  ihe  vapour  of  muriate  of  ammonia  is  condensed  in  a  cold 
ipessel,  you  obtain  it  as  a  solids  transparent  mass,  which  is  pul- 
verised with  difficulty.  The  sal  ammoniac  of  commerce  gene- 
nHy  occurs  in  this  form ;  it  is  then  called  sublimed  sal  am- 
moiUae, 

Experiment  b. — Throw  some  powdered  muriate  of  am- 
monia into  water  in  which  a  thermometer  is  immersed;  the 
powder  readily  dissolves,  and  the  mercury  falls  considerably.  * 
In  this  manner,  artificial  cold  may  be  produced. 

Experiment  c. — If  muriate  of  ammonia  is  triturated  with 
slaked  lime  or  potassa,  it  evolves  a  strong  ammoniacal  odour, 
because  the  potassa  or  the  Ume  abstracts  from  it  the  muriatic 
acid»  This  mLxture  is  somedmes  used  for  filling  smelling- 
bottles. 

Experiment  {f.-^Put  a  piece  of  tin,  the  size  of  a  pea,  upon  a 
p.    j^K  bright  halfpenny,  and  hold  it,  by 

^'  means  of  a  pair  of  forceps,  in  the 

^  flame  of  a  spirit-lamp  ;  when  the 

tin  is  melted,  rub  it  upon  the  half- 
penny with  a  rag ;  it  will  not  ad- 
nere  to  it.  Now  repeat  the  ex- 
periment, but  strew  at  the  same 
time  some  powdered  muriate  of 
ammonia  upon  the  copper  surface  ; 
Ae  tin  is  now  equally  diffused  by  the  rubbing.  On  this  is 
founded  the  important  application  of  sal  ammoniac  in  tinning 
and  soldering.  The  muriatic  acid  of  the  ammonia  combines 
with  the  oxide  of  copper  formed  by  heating,  and  thereby  a  ^ 
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bright  surface  of  copper  is  produced,  to  which  the  fused  tin  will 
firmly  adhere ;  hence  we  perceive,  also,  during  the  process  of 
tinning,  a  smell  of  free  ammonia.  Ammonia  and  the  am- 
moniacal  salts  are  commonly  prepared  from  sal  ammoniac. 

Ammonia,  or  Water  of  Ammonia  (N  H3  +  Aq). 

230.  "Eocperiment, — Pour  an  ounce  and  a  half  of  water 
upon  a  quarter  of  an  ounce  of  sal  ammoniac  and  three  drachms 
of  slaked  lime,  contained  in  a  flask,  arranged  as  described  in 
Fig.  106,  and  then  apply  a  moderate  heat;  the  lime  abstracts 
from  the  sal  ammoniac,  as  has  already  been  seen,  its  mu- 
riatic acid,  and  the  ammoniacal  gas  escapes.  As  soon  as  it 
is  released  it  ascends,  since  it  is  nearly  one-half  lighter  than 
common  air ;  it  turns  red  litmus-paper  blue,  and  forms  thick 
white  fumes  of  sal  ammoniac  when  a  paper  moistened  with 
mmiatic  acid  is  held  in  it.  If  the  longer  limb  of  the  tube  is 
now  passed  nearly  to  the  bottom  of  a  phial  containing  one 
ounce  of  water,  the  gas  is  dissolved,  and  you  obtain  a  solution 
of  ammonia  (tvater  of  ammonia).  One  measure  of  water  can 
absorb  more  than  600  measures  of  ammoniacal  gas.  Since 
much  latent  heat  must  therefore  be  liberated,  the  receiving 
vessel  should  be  placed  in  cold  water.  A  second  tube,  open  at 
both  ends,  may  be  adapted  to  the  cork  of  the  flask  to  prevent 
the  water  being  forced  back  from  the  phial  in  case  the  heat 
should  accidentally  be  diminished.  The  tube  must  reach  to 
the  bottom  of  tbe  flask,  for  otherwise  the  gas  would  escape 
through  it. 

The  solution  of  ammonia  is  lighter  than  water,  and  so  much 
the  lighter  in  proportion  to  the  amount  of  ammoniacal  gas  it 
contains ;  for  this  reason,  its  strength  may  be  very  accurately 
determined  by  its  specific  gravity.  Its  most  important  pro- 
perties have  already  been  mentioned.  On  account  of  its 
corrosive  properties  it  is  also  called  caustic  ammonia, 

231.  Hydromlphuret  of  Ammonia,  or  Sulphuret  ofAmmo^ 

nium  (N  H3,  H  S). 

Mtperiment, — Pass  a  current  of  sulphuretted  hydrogen  gas, 
evolved  as  described  in  §  132,  into  a  solution  of  ammonia,  as 
long  as  the  solution  continues  to  absorb  the  gas.  This  solution 
must  be  kept  in  well-closed  glass  bottles,  because  it  is  decom- 
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posed  on  exposure  to  the  air,  and  becomes  yellow.    It  is  one  of 
the  most  important  chemical  reagents,  as  will  be  shown  here- 
aflter. 
232.  Carbonate  of  Ammonia  (2  N  H3,  3  C  O2  +  2  H  O). 
Fig.  126.        The  crude  carbonate  of  ammonia  has  already  been 
treated  of ;  the  pure  is  prepared  from  sal  ammoniac 
and  chalk,  by  sublimation. 

JSxperiment, — Introduce  a  mixture  of  half  an  ounce 
of  chalk  and  a  quarter  of  an  ounce  of  sal  ammo- 
niac into  a  four-ounce  flask,  having  a  thin  bottom  ; 
place  it  in  a  sand-bath,  and  heat  it  over  a  spirit- 
lamp.  As  soon  as  pungent  vapours  are  perceived, 
invert  a  somewhat  larger  flask  over  the  former,  and 
the  fumes  will  soon  condense  into  a  white  saline 
mass.  By  double  elective  affinity  there  are  formed 
volatile  carbonate  of  ammonia,  which  sublimes,  and 
chloride  of  calcium,  which  remains  behind,  since  it 
is  not  volatile. 

Carbonate  of  ammonia  (or,  more  correctly,  sesquicarbonate 
of  ammonia)  is  a  white  substance  having  a  pungent  ammo- 
niacal  odour,  which  gradually  attracts  more  carbonic  acid  from 
the  air,  and  becomes  bicarbonate  of  ammonia.  This  salt  is 
frequently  used  by  bakers,  instead  of  yeast,  for  raising  ginger- 
bread, spice-cakes,  &c.  (§  519)  ;  it  escapes  in  the  heat  as  a  gas 
from  the  dough,  and  renders  it  light  and  porous. 

Other  ammoniacal  salts  may  easily  be  p|epared  from  the 
carbonate  of  ammonia,  by  expelnng  the  carbomc  acid  by  means 
of  a  stronger  one ;  for  instance,  by  sulphuric,  nitric,  or  acetic 
acid,  &c« 

233.  Ammonia  from  putrefying  Substances. — One  other 
source  of  ammonia  yet  remains  to  be  noticed.  It  occurs  wher- 
ever organic  substances  are  undergoing  putrefaction  and  decay. 
Carbonate  of  ammonia  is  evolved  from  all  vegetable  and  animal 
substances  which  contain  nitrogen,  when  they  putrefy  or  decay; 
hence  the  pungent  odour  of  stables  and  dunghills.  If  you  put 
a  dish  containing  muriatic  acid  or  diluted  sulphuric  acid  in  such 
places,  the  odour  vanishes,  and  the  muriatic  acid  is  gradually 
converted  into  muriate  of  ammonia,  and  the  sulphuric  acid  into 
sulphate  of  ammonia.  Thus  we  possess  in  the  acids  a  simple 
and  cheap  means  of  purifying  the  air  in  such  places.  Putrid 
urine  contains  so  much  carbonate  of  ammonia,  that  it  is  used 

o2 
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iastead  of  sofm-water  for  mMng  wm\  and  indeed  e^^en  for  ti» 
preparati<m  of  muriate  of  ammonia  itself. 

234.  When  we  reflect  upon  the  action  of  the  animal  sob- 
stancee  already  treated  of,  we  cannot  but  be  surprised  to  fii)d 
how  very  much  the  nitrogen  contained  in  them  yaries  in  its 
affinity  for  «ther  ekments. 

The  nitrogen  of  organic  substances  cdmbmes^ — 

With  hydrogen,  at  common  tempeiatores,  forming  ammonia 
(decaj). 

With  oxygen,  at  common  temperatore^  and  in  tibe  presence 
of  a  strong  bose^  forming  nitric  acid  in  nitre  beds. 

With  hjdrogen,  on  the  application  of  heatand  without  access 
of  air,  forming  ammonia  (dry  distillation). 

With  carb(m,  on  the  application  of  heat,  without  access  of 
air^  and  in  the  presence  of  &  strong  «nhy^us  base,  &rming 
<^anogf9ft. 

With  hydrogen,  on  the  api^ioattofB  of  heat,  witiiout  access 
of  air,  and  in  the  presence  of  a  hydrated  base,,  forminj^  sm- 
monia^ 

But  it  escapes  uncombined,  on  the  ap^icaiicm  of  heat,  wr&L 
free  access  of  air  (perfect  combustion). 

235.  The  SaiU  ef  Ammonia  afford  art  excelhnt  manten 
for  soils*     They  are  the  principal  ingredients  in  many  kind?  of 

manure;  aisd  tibesefbre  we  should  endeavour  to  prevent  the 
escape  of  ammonia  from  manure-heaps,  by  ^nankliog  them 
from  time  to  time  with  diluted  sulphnrie  acid,  or  by  strewing 
gypsum  over  them,  whereby  sulphate  of  ammoma  is  formed, 
w^di  does  noti  volatilise  at  common  temperatures.  When  bones 
decay,  carbonate  of  ammonia  is  likewise  produced  from  the 
gdatine,  and  to  this^  is  to  be  ascribed  ^e  seeond  beneficial  in- 
fluence which  pulverised  bones  exercise  upon  the  growth  of  our 
culfdvated  plants^  (§  176*)  Those  phmts  which  grow  wild 
can  only  take  wp  as  much  ammonm  as  tiiey  find  in  the  air ;  but 
by  manurii^  we  gife  a  mneh  larger  quantity  of  it  to  cultivated 
plants;  and  tiius  is  in  part  explained  the  fisr  greater  fertiKty 
of  n^anuzed  soil  in  oomparisoa  with  that  which  is  not  ma- 
niared* 

.  Ammonia  afibrds  anot^r  example  of  the  (^*culation  in  the 
great  economy  of  nature,  similar  to  that  presented  in  the  in- 
stances of  ourbonic  acid  and  water,  the  two  ether  principal 
sources  ef  nouru^ment  for  the  vegetable  wwid  ;  and  we  canxiot 
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bat  be  aBUmkhed  at  ihe  sbnple  maimer  in  which  l^e  €reat« 
has  connected  Hfe  and  death  with  each  other.  Dining  the 
processes  of  putrefaction  and  decay,  the  dead  animab  and 
plants  are  conyerted  into  carbonic  acid,  water,  and  ammonia ; 
and  imm  these  three  produets  of  decay  are  reprodooed  all  the 
innumerable  plants  which  coyer  tihe  sarfieice  of  our  earth. 
Rg.  127. 


Dead  animiUs  :m4  ^knt^  Living  pLinE^. 

236.  The  gr«at  resemLlance  of  ammouia  to  potassa  and 
soda  has  long  since  given  rise  to  the  conjecture,  that  a  metal 
might  also  be  concealed  in  it^  as  well  as  in  the  potassa  and  soda. 
IT  a  body — for  instance,  cyanogen — which  comported  itself 
exactly  like  a  chemical  element,  like  chlorine,  could  be  gene- 
rated from  nitrogen  and  carbon,  so  also  it  was  possible  that  a 
body  might  be  formed  from  nitrogen  and  hydrogen  which 
should  comport  itself  like  a  metal,  like  potassium.  Chemists 
have  not  yet  succeeded  in  separating  such  a  metal  from  am- 
monia or  its  salts ;  nevertheless,  the  opinion  is  maintained  by 
many  of  them,  that  such  a  metal  does  really  exist,  and  con»sts 
of  one  atom  of  nitrogen  and  four  atoms  ot  hydrogen  (N  H4). 
They  have  called  it  ammonium  ;  and,  according  to  this  view, 
regsurd  hydrated  ammonia  (N  Hg  +  H  O)  as  oxide  of  ammo- 
nium (N  H4  O),  muriate  of  ammonia  (N  H3  +  H  CI)  as 
chloride  of  ammonium  (N  H4  CI),  &c.,  which  amounts  to  the 
same  thing,  since  the  constitution  of  these  two  bodies  is  not 
clianged,  whether  the  hydrogen  is  considered  as  belonging  to 
the  water  or  to  the  muriatic  acid,  or  as  combined  with  the 
ammonia. 

A  compound  of  one  atom  of  nitrogen  and  two  atoms  of 
hjdrqgen  (N  H2)  has  been  called  amide. 

MTHTDM. 

A  yery  rare  base,  lithia  or  oxide  of  lithium,  occurs  in  several 
minerals  and  mineral  waters ;  it  possesses  properties  analogous 
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to  those  of  potassa.  Many  salts  of  lithia  impart  a  beautiful 
crimson  colour  to  the  blow-pipe  flame,  and  to  the  flame  of 
burning  alcohoL 

betrosfect  of  the  alkalies  (potassa,  soda,  add 
ammonia). 

1.  Of  all  bodies,  potassium  and  sodium  havQ  the  greatest 
affinity  for  oxygen;  they  float  upon  water,  and  decompose  it 
with  great  yiolence. 

2.  Their  oxides  are  the  most  powerful  bases.  The  oxide  of 
potassium  is  commonly  called  potassa,  or  caustic  potassa ;  the 
oxide  of  sodium,  soda,  or  caustic  soda.  Ammonia  must  also  be 
placed  with  them. 

3.  These  three  oxides  are  commonly  called  alkalies^  also 
caustic  alkalies.  Formerly  potassa  was  called  vegetable  alkali ; 
soda,  mineral  alkali ;  and  ammonia,  volatile  alkali. 

4.  The  alkalies  are  easily  soluble  in  water,  have  an  alkaline 
taste,  and  exert  a  strong  caustic  action  on  animal  and  vegetable 
substances. 

5.  The  alkalies  have  a  ver}'  great  affinity  for  carbonic  acid. 
They  absorb  it  eagerly  from  the  air,  and  become  converted  into 
alkaline  carbonates. 

6.  Carbonic  acid  cannot  be  expelled  from  the  alkaline  car- 
bonates by  heating,  but  it  escapes  immediately,  with  efferves- 
cence, on  the  addition  of  other  acids. 

7.  The  alkaline  carbonates,  carbonate  of  potassa,  of  soda,  and 
of  ammonia,  are  easily  soluble  in  water,  and  have  likewise  an 
alkaline  taste  and  a  basic  reaction. 

8.  Potassa  and  soda,  with  sand,  yiteld  melted  glass  ;  and  with 
fat,  a  soa'p^  which  is  soluble  in  water. 

9.  Most  of  the  salts  which  the  alkalies  form  with  acids  are 
soluble  in  water.  Most  of  the  potassa  salts  are  permanent  in  the 
air,  some  deliquescent ;  most  of  the  soda  salts  contain  water  of 
crystallisation,  and  effloresce  in  a  dry  atmosphere. 

10.  Potassa  and  soda  salts  are  not  volatile  in  the  heat,  but  the 
salts  of  ammonia  are  so. 

1 1.  A  weaker  base  will  often  remove  the  acid  from  a  stronger 
base,  when  it  forms  with  this  acid  an  insoluble  compound. 
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SECOND  QBOUF :    THE  ALKALINE  EABTH8. 
CALCIUM  (Ca). 
At  Wt.  =  20.— Sp.  Gr.  8.1. 
Chalky  or  Carbonate  of  Lime  (Ca  O,  C  Oa). 

287.  It  is  already  known  that  chalk  consists  of  carbonate  of 
lime ;  it  was  used,  indeed,  in  several  of  the  earlier  experiments 
for  the  preparation  of  carbonic  acid.  We  find  just  the  same  con- 
stituents also  in  common  limestone,  in  marble,  oyster  shells,  &c 
There  are  whole  ridges  of  mountains  consisting  of  limestone,  and 
extensive  districts  having  a  lime  or  calcareous  soil ;  carbonate  of 
p.  228  ^^^^  ^^  ^"®  ^^  ^®  principal  constituents  of  our 
globe.  We  also  find  in  it  transparent  crystalline 
forms,  rhombohedrons,  and  six-sided  prisms,  and 
then  call  it  calcareous  spar.  The  great  difference  . 
which  these  stones  present  in  their  exterior  appear- 
ance cannot  be  wondered  at,  for  we  see  a  similar  variety  of  form 
in  our  common  sugar ;  we  have  it  crystallised  in  sugar-candy, 
granular-crystalline  in  loaf-sugar,  amorphous  in  bonbons,  and 
pulverulent  in  pounded  sugar. 

All  limestones  effervesce  when  treated  with  an  add,  and 
may  thus  generally  be  distinguished  from  other  stones.  If 
you  smear  a  piece  of  limestone  in  single  spots  with  fat  or  some 
varnish-paint,  and  then  pour  upon  it  an  acid  (a  weak  solution 
of  nitric  acid  is  the  best),  the  lime  dissolves  in  those  places 
only  which  are  unprotected  by  the  fat  or  paint,  the  greasy 
spots  accordingl^r  remaining  raised.  If  a  stone  thus  prepared 
is  passed  over  with  printing-ink,  this  will  adhere  only  to  the 
elevated  places,  and  may  be  transferred  from  them  to  paper. 
This  is  the  method  used  for  engraving  on  stone,  and  the  lime- 
stones used  in  this  kind  of  eng^ving  are  called  lithographic 
stones. 

Experiment. — Blow  into  lime-water,  through  a  glass  tube ; 
a  precipitate  of  carbonate  of  lime  is  formed  (see  Fig.  81); 
continue  the  blowing,  and  the  precipitate  will,  for  the  most 
part,  dissolve  again.  The  carbonic  acid  first  precipitates  the 
ume,  then  it  dissolves  it  again.  Carbonate  of  lime  is  quite 
insoluble  in  water,  but  is  soluble  in  water  impregnated  with 
carbonic  acid.  *  Let  half  of  the  liquid  remain  exposed  to  the  air, 
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it  will  gradually  become  tarbid,  and  carbonate  of  lime  will  be 
deposited  ;  boil  tbe  otber  balf  in  a  test-tube,  bubbles  of  car- 
bonic acid  will  escape,  and  carbonate  of  lime  will  be  rapidly 
precipitated.  What  here  bappens  on  a  small  scale  frequently 
occurs  in  nature  on  a  ku^  scale,  llie  water,  as  it  trickles 
through  the  earth  in  those  places  where  the  decay  of  OTganic 
matter  is  going  on,  finds  caibonic  acid  ;  therefore  almost  all 
spring-water  contains  caHKmic  add.  The  carbonic  acid  waler 
so  formed  finds  in  almost  all  earths  and  stones  carbonate  of 
Mme,  some  of  which  it  dissolves ;  therefore  almost  idl  spring- 
water  contains  carbonate  of  lime  {hard  water).  Wheli  tins 
water  flows  along  in  brooks,  the  carbonic  add  esci^)e8  agan, 
and  l^e  carbonate  of  lime  is  deposited  as  sedimmit ;  dns  water, 
free  from  lime,  is  now  'Cafied  soft  water.  The  same  tlnne 
happens  when  water  containing  lime,  as  it  p^HSolates  through 
tlie  eaith  or  fissures  in  rocks,  metfts  with  holkiws  tind  caverns  ; 
here  the  carbontEte  of  lime  frequently  d^ostts  itself  in  sc^id 
masses,  cktkd  stalactites.  The  waUs  of  c^ars  and  bridges  are 
sometimes  found  covered  willi  an  incrustation  of  staktcii6e». 
The  calcareons  fttfa  deposited  fr<om  the  Carisbad  waters  also 
consists  principally  of  carbonate  of  lime.  If  you  boil  haML 
water,  carbonate  of  lime  is  also  precipitated ;  this  happens 
especially  when  large  quantities  of  it  are  evaporated,  as  in 
steam-boilers.  Peas  and  beans,  ^iled  in  hard  water,  becMne 
incrusted  with  a  thin  coating  of  &Be,  which  prevents  the  wata 
frt>m  penetrating,  so  that  ^hv^  do  not  ^become  soft ;  for  socfe 
pmrposes,  the  water  should  previously  be  boiled,  or  exposed  for 

some  lime  to  the  air. 

I 

Caustic  Lime^  or  QtuckUme  (  Ojdde  of  Calcium,  Ca  O). 

238.  Ua^rimeta, — Pnt  a  piece  .of  chalk  upon  chavcoal,  and 
heat  it  strongly  before  tbe  blow-pipe  for  several  minutes  ;  it 
will  then  become  much  lighter  than  before,  and  will  no  Icmger 
effen^esee  with  acids ;  it  has  by  the  heating  lost  its  carbonic 
acid,  and  is  now  called  burM  lime.  If  a  p«*ti(M  of  it  is  pkeeil 
OA  moistened  red  litmns-fHiper,  it  causes  Une  spots  ;  ixuaae- 
qoently  it  has  a  basic  reaction,  which  dialk  Ims  not 

For  Isumiag  large  masses  of  chalk  or  limestone,  kilns  of  die 
annexed  ioftm  are  constructed,  a  is  the  &«-door,  with  Ae 
gnete^  upon  whioii  coal  or  tarf  is  burnt ;  6,  IJk  openrngior  the 
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dnuigkt  cf  air ;  c  and  d,  the  adi-pit. 
In  thif,  as  in  the  reverberatorj  fiimaeey 
the  flaiae  only  eaters  the  «haft  of  the 
kHii,  which  k  filled  witii  limestone; 
coDsequ^itly  the  lime  cannot  be  ren- 
dered impure  by  the  ashes  of  the  fud. 
A  kiln  is  usually  provided  with  seve- 
ral such  furnaces,  e  and  /  are  the 
discharge  oudets  for  extxacting  the 
lime  when  it  is  well  calcined,  &etAk 
carbonate  of  lime  heiug  introduced 
at  the  top  as  the  burnt  lime  is 
removed.  Such  furnaces  may  be 
kept  at  work  for  years  without  uiler- 
ruption. 

Qniotikne  has  two  strong  affinities,  nam^y,  lor  waier  aad 
€or  carhame  add.  On  eiposure  to  the  air  it  first  attracts 
vater,  and  iJi^^by  crumbles  into  powder, — ^it  is  slaked ;  after- 
wazds  it  absorbs  also  carbonic  acid,  when  it  again  effervesces 
ineth  acids.  The  rapid  slaking  of  lime  when  sprinkled  widi 
water,  and  the  consequent  evolution  of  heat,  him  been  pre- 
iieysly  treated  of.  (§  33.)  Three  pounds  of  lime  combine 
with  one  poioMl  of  water,  forming  a  fine  powder  of  hydrcUe  €f 
Ume  (Ca  O  +  H  O),  or  slaked  lime.  When  mixed  with  water 
into  a  paste,  it  forms  a  calcareous  paste ;  if  more  water  is  added, 
it  becomes  milk  of  lime,  and  when  mixed  with  600  times  its 
quantity  of  water,  a  clear  sd«ition,  lime-watei^  is  obtained, 
like  Glauber  salts,  it  is  much  more  soluble  m  odd  than  in  hot 
water,  the  lat^r  dissolvii^  only  half  as  much  as  the  former.  On 
account  of  the  great  affinity  of  burnt  lime  for  watec^  it  may  be 
•alloyed  §or  d^ing  damp  places,  and  for  preparing  anhydrous 
er  absolute  alcohol  horn  the  common  alcohol. 

Examples  of  the  avidity  with  which  quicklime  combines 
with  carbonic  acid  have  already  been  given,  under  combustion, 
and  in  the  preparation  of  caustic  potassa  and  of  caustic  soda. 
Hence  it  is  very  useful  for  purifying  air  winch  contains  much 
earbcmie  and ;  for  instance,  the  air  in  old  cellars,  wells,  mines, 
er  in  cellars  in  which  fermenting  iiquors,  as  wine,  beer,  brandy, 
sash,  &e.,  are  kept.  M3k  of  lime  is  also  commonly  used  m 
dMrtracting  from  crude  illummating  ?as  its  carbonic  acid,  as 
wril  as  file  adraisture  oi  sulphurett^  hydfogoa.     It  is  likewise 
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in  general  use  for  whitewashing ;  it  becomes  quickly  white  and 
dry,  and  then  it  is  no  longer  hydrate  of  lime,  but  chalk. 

239.  Lime  as  Mortar, — Glue  is  used  for  joining  together 
pieces  of  wood ;  and  mortar^  a  mixture  of  lime  and  sand,  for 
cementing  together  stones.  This  is  the  most  important  applica- 
tion of  lime.  A  mixture  of  lime  and  sand,  on  exposure  to  the 
air,  g^radually  forms  into  a  hard  and  stony  mass.  This  con- 
solidation is  to  be  ascribed  to  three  causes ; — 1st,  the  water 
evaporates,  and  the  hydrate  of  lime  remains  behind  as  a  co- 
hesive mass ;  2nd,  the  lime  attracts  carbonic  acid  from  the  air» 
and  there  is  formed  a  mixture  of  hydrate  of  lime  and  carbonate 
of  lime,  which  possesses  greater  firmness  than  either  body 
separately  ;  3rd,  on  the  suiface  of  the  sand  a  chemical  combi- 
nation is  gradually  fonned  of  the  silicic  acid  with  the  lime,  both 
becoming,  as  it  were,  incorporated  together.  This  explains  the 
remarkable  hardness  of  the  mortar  in  old  buildings.  When  our 
structures  of  the  present  day  shall  have  stood  for  centuries,  the 
mortar  about  thefti  will  certainly  possess  the  same  degree  of 
firmness,  provided  good  quartz  sand  has  been  employed  in  its 
preparation,  and  not  the  argillaceous  sand  so  often  used.  Sand 
also  diminishes  the  shrinking  or  cohtraction  of  the  mortar,  and 
prevents  its  cracking  as  it  becomes  dry.  Old  mortar  accord^ 
ingly  consists  of  hydrate  of  lime,  carbonate  of  lime,  silicate  of 
lime,  and  silica  (sand). 

If  you  bum  a  limestone  in  which  day  is  contained,  or  an  in- 
timate mixture  of  chalk  with  one-fifth  of  clay,  you  will  obtain 
a  burat  lime,  which,  when  mixed  with  water  and  sand,  yields 
a  mortar  that  hardens  quickly,  like  plaster  of  Paris,  and  becomes 
as  hard  as  stone  under  water;  it  is  called  hydraulic  cement^  and 
is  well  adapted  for  building  piers  of  bridges,  or  other  structures 
under  water.  Clay  is  silicate  of  alumina ;  therefore  hydraulic 
cement  is  an  intimate  mixture  of  quicklime  with  silicate  of 
alumina. 

240.  Further  Experiments  with  Lime, 

JExperiment — Wrap  a  piece  of  quicklime  in  paper  or  in  a 
linen  rag,  and  set  it  aside  for  some  weeks ;  the  paper  and  the 
linen  will  become,  after  a  time,  so  rotten  as  to  be  easily  torn  ; 
the  lime,  to  use  a  common  expression,  has  eaten  them.  Thus 
quicklime,  like  potassa  or  soda,  exerts  a  corrosive  action  upon 
organic   substances,  and  for  this  reason  it  is  also  firequently 
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called  caustic  lime.  If  jou  rub  between  the  fingers  lime  made 
into  a  paste  with  water,  you  readily  perceive  by  the  feeling  its 
caustic  action  upon  the  skin.  In  tanneries,  the  hides  are  im- 
mersed in  milk  of  lime,  in  order  to  loosen  them,  so  that  the 
hair  may  easily  be  rubbed  off;  and  in  agriculture,  lime  is  mixed 
with  weeds,  such  as  couch-grass,  &c.,  to  accelerate  their  decom- 
position. It  is,  however,  altogether  wrong  to  mix  lime  with 
manure  that  is  already  in  a  state  of  decay  and  putrefaction, 
because  it  contains  ammoniacal  salts,  the  ammonia  of  which 
would  be  set  free  by  the  lime,  and  escape;  the  manure  would 
thus  lose  much  of  its  efficacy. 

Many  plants,  as  peas,  clover,  and  tobacco,  flourish  only  in  a  soil 
containing  lime.  If  you  bum  such  plants,  you  always  obtain, 
let  them  grow  wherever  they  will,  ashes  wnich  contain  more 
than  half  their  weight  of  lime  salts  ;  we  call  such  plants  lime 
plants,  and  must  conclude  from  these  two  facts,  that  lime  is  as 
indispensable  for  the  life  of  many  plants,  as  common  salt  is  for 
that  of  animals.  Thus  agriculturists  possess  in  lime  an  excel- 
lent manure  for  those  fields  where  lime  is  deficient. 

Experiment — Dissolve  a  little  soap  in  hot  water,  and  add 
lime-water  to  it ;  the  solution  becomes  turbid,  and  afterwards 
white  flakes  are  deposited,  which  feel  sticky  when  rubbed 
between  the  fingers.  The  same  thing  is  observed  on  washing 
with  soap  and  lime-water ;  the  soap  neither  lathers  nor  cleanses. 
Therefore,  water  containing  lime,  the  so-called  hard  water, 
cannot  be  used  for  washing.  The  viscous  mass  which  separates 
is  lime  soap,  a  combination  of  the  fatty  substances  contidued  in 
the  soap  with  lime.  .  Potassa  and  "soda  soap  are  soluble  in  water, 
lime  soap  is  insoluble. 

Caustic  lime  is  a  combination  of  oxygen  with  a  metal,  which 
has  received  the  name  calcium  (Ca);  it  may  therefore  be  called, 
also,  oxide  of  calcium  (Ca  O).  Lime  is,  next  to  the  alkalies, 
one  of  the  strongest  bases. 

Sulphate  of  Lime,  Gypsum  (Ca  O,  S  O3  +  2  H  O). 

241.  Experiment — Expose  to  a  moderate  heat  in  an  iron 
vessd  the  sulphate  of  lime  obtained  in  former  experiments 
(§§  164,  176),.  stirring  it  during  the  heating,  which  must  be 
continued  till  vapours  cease  to  escape  from  it;  it  will  afterwards 
weigh  one-fifth  less  than  before,  and  then  forms  calcined  suh 
pkate  of,  lime,  and  is  the  same  as  plaster  of  Paris.  The  loss 
of  weight  is  owing  to  the  water  of  crystallisation  which  was 
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dri^vnoffbythelieat    A  tempentar«  rf  248^ T.  (1^0^  C.)« 
sofficievt  to  eff(^  thiB. 

Experiment, — Wind  Tomid  the  lun  d  a  faalf-crown,  a  «tnp 
Kg.  180.  of  paper,  lEniilj  seoaring  the  loose  end  of  it  hy 
sealmgMviax.  A  box  is  thus  made,  the  bottom 
of  which  is  formed  by  the  ccnn,  Now  miK  two 
even  spoonfids  of  sulf^ate  of  lime  and  a  spocm- 
fnl  of  water  into  a  paste,  stir  it  round  qudd|y, 
and  pour  the  pai6e  into  the  boK ;  after  a  few  minutes  it  w^ 
become  so  hard  that  both  the  paper  and  the  coin  can  be  re* 
moved.  A  reversed  impression  of  the  coin  wiU  aj^ear  on  t^ 
Vttder  side  of  the  plastm*.  After  l^is  is  perfecdy  dry,  smear 
the  impres^n  witli  a  starong  solution  of  soap,  nnxed  wi<^  a  few 
drops  of  oil,  and  D^n  pouring  over  it  some  of  the  sulphate  of 
Ibane  paste,  a  true  stamp  of  the  coin  will  be  obtained.  l%e 
nmid  hardening  may  be  i^us  explained:  -^e  anhycfarous  burnt 
smphate  of  lime  i^ain  chemically  combines  with  as  mfwshwato* 
«B  it  has  lost  during  l^e  ignition.  If  it  had  been  heoted  above 
320^  F.  (160''  €.),  k  would  not  have  hardened ;  it  himng  then 
teit  iti  affinity  for  water.  In  a  similar  manner,  €gnres  of 
plitster  of  Paris  ai«  made  in  hollow  moidds.  Plaster  of  Paris 
s  used  in  architecture  for  maki^  on  walls  and  eeiHngi  various 
oniamefitd  figures  and  designs,  called  stucoe-fioik. 

Sulphate  of  lime  (gypsum)  is  a  ininerQl  of  veiy  :fiwquei]ft 
occurrence  in  natm«,  and  m  sosm  localities,  as  at  Jena,  it  forms 
Mrtire  rwiges  of  hills.  It  also  occurs  dbundantly  near  Paris, 
whence  the  name  plaster  of  Paris.  When  crystallised  in  tables 
it  is  termed  ademte^  and  fbe  white,  compact,  granu^  vari^y  is 
called  alabaster.  It  is  also  frequently  contained  in  spring- water. 

Gypsum  is  very  sparingly  soluble  in  water ;  half  an  ovooo  of 
the  latter  dissolving  only  half  a  grain  of  gypsum. 

To  detect  sulphate  of  lime  in  a  liqmd  add  to  one  po8ti0n  a 
solution  of  chloride  of  barium,  wheroby  the  ^pesenoe  of  sul- 
phuric acid  is  indicated ;  and,  to  another  portico,  a  sohition  of 
OKaiic  acid,  by  whidi  the  presence  of  lime  is  ^own.  Oxalic 
acid  is  the  most  certain  test  for  time  salts.  ($  197.) 

Hiat  gypsum,  as  well  bm  ^(^oke,  is  a  valuable  manme 
lor  many  }^ants,  espeoially  ior  the  legummous  plants,  is  well 
known  to  fjEumers,  who  frequently  spread  it  over  thehr  clowir 
fi^ds.  The  plants  hereby  not  only  absorb  the  Ume  but  «lao 
the  so^ur  of  the  sulphuric  acid.     Gypsum  has  also  a  bene- 


QAxoimc.  221 

ficial  ^ect  on  the  growth  of  plants  as  it  ahsorbs  the  caib^ute 
of  ammonia  contained  in  the  air  and  in  rain-water,  and  fixim  k, 
in  the  soil,  these  two  salts  heing  converted  reapectivelj  mto 
sulphate  of  ammonia  and  carbonate  of  limev 

When  gypsnm  is  heated  to  redness  with  charcoal,  sulpimrti 
of  calcium  is  obtained,  which,  like  the  liver  of  sulphur,  evolves 
sulphinretted  hydrogen,  when  drenched  with  dOut^  acid. 

242.  Phosphate  of  lime  constitutes,  as  already  mentkmttdy 
the  principal  ingredient  of  bones;  it  occurs  in  the  minenJ 
kingdom  as  apatite  and  phosphorite. 

243.  Nitrate  of  Ume  (Ga  O,  N  O5)  is  always  formed  whmi 
azotised  substances  and  lime  remain  for  some  time  together  in 
contact.  (§  207.)  This  salt  is  very  often  generated  in  die 
plaster  of  walls,  in  those  buildings  where  lurinous  liquids  or 
mnmomacdt  fumea  are  present,  as  in  stables.  The  lime  loses 
hereby  its  adhesivcaiesS),  and  crumbles,  especially  when  the 
rain  washes  out  the  easily  sizable  nitrate  of  Ume.  This  prin- 
cess is  commanly  known  as  the  crumbling  away  of  the  walls. 

Chloride  of  LimCy  or  Hypochlorite  of  Lime  (Ca  O,  CI  O  + 

244  Mfperimettt — Mix  half  an  ounce  of  slaked  lime  with 
so.  oiUMCs  of  water,  and  conduct  into  ^tna  milk  of  lime,  wiiih 
fiieqiieni  agitation,  as  much  chlorine  as  will  evohe  from  two 
ounces  of  muriatic  acid  and  half  an  ounce  of  black  oxide  of  mais- 
ganese.  The  hquid,.  darified  by  standing,  may  be  regarded  as 
a  solution  of  chloride  of  ImCy  and  must  be  kept  protected  from 
die  tat  and  light.  It  would  seem  at  first  as  if  me  chlorine  united 
directly  with  die  lime,  but  this  is  not  possible,  since,  as  a 
g^ieral  rule»  simple  bodies  cannot  combine  with  compound 
bodies.  The  ^jeeess  is  as  follows.  Half  of  the  lime  releases  its 
aaygen,  and  is  converted  into  calcium,  which,  being  a  siinple 
body,  eombines  with  chlorine ;  the  oxygen,  liberated  from  me 
lime,  combines  with  the  rest  of  the  chlorine,  forming  hypochlo- 

10118  acid  (CI  O),  which,  being 
Bleaches.  »   compound  body,    can   now 

umte  with  the  other  half  of  the 

lime.  Thus  are  formed  a  ha- 
Does  not  loid  salt,  chloride  of  calcium, 
bleach,     and  an  oxygen  salt,  hypochlo^ 

rite  of  Ume,  The  latter  is  the 
essential  agent,  the  bleaching  power,  in  the  chloride  of  lime; 
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chloride  of  calcium  is  to  be  regarded  only  as  an  unnecessary 
make- weight.  Accordingly,  the  name  of  chloride  of  lime  is  in- 
correct, but,  like  many  other  terms  of  general  acceptation,  it 
would  be  inconvenient  not  to  retain  it  It  must  not  be  fbr- 
gotten,  however,  that  chloride  of  lime  is  a  very  different  body 
nx>m  chloride  of  calcium. 

By  the  old  process,  bleaching  required  weeks,  and  even 
months;  now,  by  means  of  chloride  of  Ume,  cotton  and  linen 
are  bleached  in  as  many  days.  For  this  reason,  vast  quantities 
of  chloride  of  lime  are  manufactured  in  chemical  mandFactories, 
and  are  consumed  in  bleacheries  and  calico  print-works.  The 
preparation  of  it  on  a  large  scale  is  conducted  upon  the  same 
principle  as  that  just  described,  except  that,  instead  of  milk  of 
Hme,  slaked  lime  is  used,  which  is  spres^d  upon  hurdles  in 
chambers,  and  which,  like  milk  of  lime,  absorbs  the  chlorine. 
Chloride  of  lime,  thus  prepared,  is  a  granular  powder,  which 
absorbs  moisture  from  the  air,  and  emits  the  odour  of  chlorine. 
Upon  adding  water  to  it,  the  same  liquid  is  obtained  as  that 
prepared  above. 

245.  JExperimenU  vjith  Chlorine. 

JExperiment  a, — Immerse  a  piece  of  cotton,  printed  with 
various  colours,  into  a  solution  of  chloride  of  lime  ;  if  there  are 
vegetable  colours  among  those  with  which  the  cotton  is  printed, 
-they  will  bleach,  though  but  slowly, 

Eocperiment  b, — Proceed  in  the  same  manner,  adding,  how- 
ever, to  the  solution  some  drops  of  diluted  muriatic  or  sulphuric 
acid ;  the  bleaching  will  then  take  place  instantaneottsly,  at- 
tended with  the  evolution  of  a  strong  smell  of  chlorine.  The 
acids  expel  the  feeble,  hypochlorous  acid,  and  this  is  resolved 
into  oxygen  and  chlorine.  If  you  let  the  material  remain  for 
some  time  in  the  solution  of  the  chloride  of  lime,  the  vegetable 
fibres  will  also  be  decomposed  {eaten)  by  the  chlorine,  and  will 
lose  their  firmness. 

Experiment  c. — Drop  some  tincture  of  indigo  into  a  portion 
of  the  solution ;  the  indigo  is  immediately  decomposed,  and  its 
blue  colour  changed  to  yellow.  Continue  to  add  ihe  indigo  till 
the  blue  colour  remains  unaffected,  and  note  the  quantity  of 
indigo  used  ;  in  this  manner  the  strength  of  the  different  sorts 
of  chloride  of  lime  may  be  determined,  for  the  more  hypochlo- 
rous acid  there  is  contained  in  the  chloride  of  lime,  so  much  the 
more  indigo  it  is  able  to  deprive  of  its  colour. 
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Experiment  d. — Chloride  of  lime,  as  well  as  free  chlorine, 
destroys  the  noxious  effluvia  evolved  during  the  decay  or  putre- 
faction of  organic  substances.  The  impure  air  of  stables  is 
destroyed  by  strewing  about  chloride  of  lime,  and  damp  cellars 
are  purified  by  washing  the  floors  and  walls  with  a  solution  of 
it,  &c 

In  all  these  decompositions,  the  chlorine  always  combines 
with  the  hydrogen  of  the  colouring  and  odorous  matter. 

If  chlorine  is  conducted  into  a  solution  of  carbonate  of  soda, 
instead  of  into  milk  of  lime,  we  obtain  hypochlorite  of  soda, 
likewise  a  bleaching  liquid,  known  as  Labarrague*s  disinfecting 
Uguor. 

Chhride  of  Calcium^   or  Muriate  of  Lime  (Ca  CI,   or 
Ca  O,  H  CI). 

246.  Experiment. — Mix  muriatic  acid  with  half  its  quantity 
of  water,  and  add  to  it  pieces  of  chalk  until  efTervescence  ceases ; 
then  evaporate  the  filtered  solution  to  the  consistency  of  a  syrup. 
We  obtain  from  this,  on  cooling,  large  prysmatic  crystals  of 
chloride  of  calcium,  which  must  be  quickly  dried  by  pressure 
between  folds  of  blotting-paper,  and  kept  carefully  excluded 
from  the  air,  as  they  are  exceedingly  deliquescent.  In  the 
winter  season,  this  salt  may  be  employed  for  freezing  mercury. 
For  this  purpose  let  it  remain  one  night  in  a  cold' place,  then 
grind  it  up  in  a  cold  mortar,  and  mix  it  with  snow  ;  if  some 
mercury,  contained  in  a  glass  tube,  is  now  introduced  into  the 
mixture,  it  will  become  solid,  and  a  spirit-of-wine  thermometer 
will  indicate  a  temperature  of  — 40°  F.  ( — 40°  C.)  The  snow 
and  the  chloride  of  calciiun  melt ;  from  two  solid  bodies  is  thus 
formed  a  liquid,  and  during  this  transition  a  great  quantity  of 
free  heat  must  necessarily  become  latent. 

Crystals  of  chloride  of  calcium  contain  half  their  weight  of 
water  of  crystallisation;  on  being  heated,  the  water  passes  ofi^, 
and  we  obtain  fused  chloride  of  calcium,  one  of  the  most 
hygroscopic  salts,  which  may  be  employed  for  preparing  abso- 
lute from  common  alcohol,  and  for  drying  certain  gases.  •  For 

this  latter  purpose,  fill  a  capa- 
^*  ^^^*  cious  glass  tube  with  fragments 

of  it,  and  adapt  to  each  end 
of  the  tube,  by  means  of  per- 
forated corks,  two  small  glass 
tubes,  through  which  the  gas 
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may  be  transmitted;  cKniiig  its  passage,  all  the  moisture  will 
be  abstracted  from  it  by  the  chloride  of  calcium.  In  tile  sre- 
paration  of  ammonia  (§  230),  chloride  of  calcium  is  obtained  as 
a  secondary  product.  It  has  already  been  mentioned  (§  ^44}, 
that  it  forms  a  constituent  (though  a  useless  one)  of  chloiide^of 
lime. 

247.  Fluoride  of  Calcium  (Ca  Fl),  commonly  called  Jhur- 
spar^  is  a  mineral  of  freqaent  occurrence  in  nature,  and  is  often 
feund  in  cubic  crystals  of  great  beauty.  It  is  easily  fused  by 
heat  (hence  its  name),  and  it  yields,  when  treated  with  snf- 
phuric  acid,  hydrofluoric  acid.    (§  190.) 


BARIUM  AND  STBONTiUM  (Fa  and  Sr). 
At.  Wt.  =  69.— At.  Wt.  =  44. 

248.  These  two  metals  hare  so  great  a  simihrity  to  calcium 
in  their  properties  and  combinations,  that  they  may  be  regarded 
as  brethren.  Their  oxides  are  termed  baryta  (Ba  O)  and 
strontia  (Sr  O),  and  when  water  is  added  to  lliem  they  evolve 
heat,  as  is  the  case  with  Mme,  and  afford  a  basic  reaction.  The 
carbonates  of  baryta  and  strontia  are,  like  chalk,  insoluble  in 
water,  and  at  a  strong  hes^  lose  their  carbonic  acid,  yet  not  so 
readily  as  chalk.  The  salts  of  lime,  as  has  been  seen,  are  very 
easily  prepared  by  merely  adding  acids  to  marble  or  chalk ;  but 
the  salts  of  baryta  and  strontia  are  not  so  easily  obtained, 
because  baryta  and  strontia  are  rarely  found  in  nature  combined 
with  carbonic,  but  most  frequently  with  sulphuric  acid — conse- 
quently, with  an  acid  which  is  stronger  than  all  others.  It  is 
^erefore  necessary,  as  in  the  preparation  of  soda,  to  adopt  a 
circuitous  method.  It  must  &ret  be  reduced  to  a  sulphuret  by 
heating  with  charcoal ;  this  sulphi:ffet  may  be  afterwards  decom- 
posed by  acids. 

Chloride  of  barium,  or  muriate  of  baryta  (Ba  CI),  is  the  most 
common  soluble  salt  of  baryta.  It  crystallises  in  transparent 
tables,  and  is  used  in  medicine.  The  chemist  also  makes  use  of 
it  as  the  surest  test  for  sulphuric  acid  and  the  sulphates.  (§  171.) 
Nitrate  of  baryta  serves  also  for  the  same  purpoae* 


Sulphate  of  Batata  (Ba  O,  S  O3). 
JEJaperimeni, — ^Dissolve  some  Glauber  saltB  in  water^  and  add 


MAaiTBsnrK.  225 

a  solution  of  chloride  of  barium,  as 
I  Soluble.  ^^^S  ^  *°y  precipitate  is  produced. 
Chloride  of  sodium  and  sulphate  of 
baryta  are  formed  by  double  elec- 
Insolable.  tive  affinity.  The  latter  is  quite  in- 
Soluble  in  water,  and  also  in  acids, 
and  is  therefore  thrown  down  as  a  heavy  white  powder.  The 
ponderous  mineral  known  as  heavy  spar,  which  is  frequently 
found  in  beautiful  tabular  crystals,  associated  particularly  wita 
metallic  ores,  is  the  native  sulphate  of  baryta.  Baiyta  and  the 
baryta  salts  are  prepared  from  it.  This  mineral,  when  ground 
to  powder,  is  frequently  used  for  the  adulteration  of  white- 
lead. 

The  most  remarkable  characteristic  of  the  strontia  salts  is 
that  of  communicating  a  crimson  tint  to  the  flame  of  burning 
substances.  Nitrate  of  strontia,  like  the  other  nitrates,  defla- 
grates upon  burning  charcoal,  and  is  used  for  producing  a 
crimson  flame  in  fireworks,  prepared  &om  potassa,  sulphur,  and 
cliarcoal.  Chloride  of  strontium,  or  muriate  of  strontia,  is 
soluble  in  alcohol,  and  imparts  to  its  flame  a  crimson  colour. 

MAGNESIUM  (Mg). 

At.  Wt  =  12.— Sp.  Gr.  =  1.7. 

Epsom  Salt,  or  Sulphate  of  Magnesia 

(Mg  O,  S  O3  +  7  H  O). 

249.  Envelop  in  a  fold  of  strong  paper  a  fragment  of  ser- 
pentine mineral.  Crush  it  with  a  hammer ;  then  pulverise  it 
in  an  iron  mortar,  and  mix  half  an  ounce  of  it  in  a  porcelain 
basin  with  some  common  sulphuric  acid  to  the  consistency  of  a 
paste,  and  set  it  aside  for  some  days  in  a  warm  place.  Then 
stir  in  carefully  an  ounce  and  a  half  of  water,  let  the  mixture 
stand  again  for  some  days,  and  finally  decant  the  warm  clear 
liquid.  It  will  have  a  green  tint,  owing  to  the  presence  of 
some  protoxide  of  iron.  When  boiling,  add  gradually  nitric 
acid  to  it,'  until  the  liquid  has  assumed  a  yellow  colour ;  the 
protoxide  will  be  thereby  converted  into  sesquioxide  of  iron. 
If  evaporated  until  a  pellicle  is  formed^  crystals  will  be  depo- 
sited, which  must  be  dissolved  again  in  boiliug  water,  and 
recrystallised.     Sulphate  of  sesquioxide  of  iron,  which  can  be 


AIiKALOrX  EASffHS. 

eiystallised  only  widi  diflBcolty,  will  remain  in  the  mollier  liquor. 
The  crystals  ha?e  a  bitter  taste.  Their  01:1111  till.  ■!■  are  mi- 
ftimc  acid  and  a  base  called  magnesia  (Mg  O).  The  tarte  of 
all  the  sdittble  sdts  of  magnesia  is  bitter,  llis  Wase  is  qobi* 
bined  in  the  serpentine  witk  silkic  acid,  wliek  liw  atitmgqi 
8i]l{^urie  add  displaces  and  combines  with,  forming  a  soluble 
salt,  wlnle  ihe  alaca  remains  behind  i]iidiss<dved.  We  find  sili* 
eate  of  magnesia  also  in  other  minerals — £or  instance,  in  meei^ 
Si^aum,  soap-atone,  taks,  ad)estos,  hornblende,  andiajeyeral  Ta- 
rieties  resembling  mica,  &c.  All  these  minenJs  have  a  slippery 
or  greasy  feeling,  and  toe  mortly  included  under  the  gen^:^ 
head  of  tale.     Magnena  is  sometmies  called  also  talc  earth, 

Epsom  salt  is  one  of  the  m^ost  common  purgatives,  and  is 
much  employed  in  medicine.  We  usually  ^tain  it  in  com- 
merce^ not  in  perfect  crystals,  but  in  the  form  of  small  adcular 
crystijs,  owing  to  the  evaporation  having  been  carried  on  after 
the  formation  of  the  pelGcle,  and  to  the  stining  of  the  mass 
while  cooling.  Consequentiy  a  distozbed  crystallisation  has 
taken  place.  In  many  places,  for  mstanee  at  Saidschiitz  in 
Bohemia,  there  are  springs  holding  £ps<mi  salt  in  solution, 
and  they  are  often  resorted  to  by  invalids.  J£  their  waters 
are  evaporated,  this  salt  is  likevdse  obtained  £rom  them. 

Carbonate  qfMagnmBk. 
250.  Tlosperiment. — Dissolve  half  an  ounce  of  Epsom  salt 
p.    jg2  ^^  ^^^^  ounces  of  cold  water,  and  add  a 

solutvm  of  carbonate  of  soda  as  long  as 
a  precipitate  continues  to  fe^L  Tlie  p«- 
dpitate  is  cwrbonaXie  of  magnesia^  but 
stdphate  of  soda  remains  in  the  solutioa  ; 
thus  the  Epsom  sidt  and  carbcmate  of 
soda  have  exdumged  their  adds.  The 
milky  liquid  is  now  heated  to  boiling, 
filtered,  and  the  predpitate  washed  and 
dried ;  it  is  very  light  and  white,  and  is 
kqown  as  the  magneda  alba  of  the  apo- 
tiiecaries'  shops.  During  the  ebullition, 
some  carbonic  acid  escapes.  Carbonate 
of  magnesia  is  also  found  in  many  kinds 
of  marble  and  limestone,  call^  dolomite. 


HETBOSPSCT.  227 

MMffnena  (Oxide  of  Magnesium)  (Mg  0.) 
If  you  heat  carboDate  of  magneida  to  redness,  it  loses,  like 
chalky  its  carbonic  acid,  and  at  the  same  time  the  water  \v«th 
vhich  it  was  chemically  comluned;  the  magnesia  remains 
b^nd  as  a  fight  powder,  commonly  called  calcined  magnesia 
(oxide  of  magnesium).  It  is  nearly  insoluble  in  water,  and 
consists  of  a  metal,  magnesium,  and  of  oxygen. 

Chloride  of  Magnesium,  or  Muriate  qf  Magnesia 
(Mg  CI,  or  Mg  O,  H  CI). 

251.  JExperiment, — Add  to  carbonate  of  magnesia  some 
diluted  muriatic  acid ;  the  carbonic  acid  escapes,  but  the  chlo- 
ride of  magnesium  is  dissolved  iil  the  liquid.  This  salt  is 
always  found  associated  with  common  salt,  and  as  it  is  very 
soluble  and  hygroscopic,  it  remfuns  in  the  mother  liquor  on  the 
evaporation  of  salt-springs.  Therefore  Epsom  salt  may  abo  be 
^olitained  from  the  mother  liquor,  by  converting  chloride  of 
magnesium  into  sulphate  of  magnesia.  The  bitter  taste  of 
sea-water  is  owing  to  this  salt. 

Experiment. — Put  into  a  glass  of  water  a  few  ^ps  of  the 
above  solution,  or  a  little  Epsom  salt,  and  then  add  to  it  a 
solution  of  phosphate  of  soda  and  some  ammonia ;  the  liquid 
first  becomes  turbid,  and  finally  a  crystalline  precipitate  is 
deposited  (phosphate  of  magnesia  and  ammonia).  In  this  way 
the  presence  of  magnesia  may  be  most  certainly  detected. 

JUBTS10SP£CT  OF  THE  ALKALINX  £ASTB8  (liDOE,  BA&YTA, 
8TBONTIA,  AUD  HAOVEKA). 

1.  The  metals  (^  the  aUuUine  earths  have,  like  the  alkali* 
metals,  a  very  great  affinity  for  oxygen;  the  preparation  of 
them  is  exceedingly  difficult. 

2.  Their  oxides  are  called  aVtaUne  earths  /-—earths,  because 
they  are  sparingly  soluble ;  alkaline,  because  ihsj  have  a  basic 
reaction.     (The  alkalies  are  easily  soluble.) 

3.  The  alkaline  earths  are,  next  to  the  alkalies,  the  strongest 
bases, 

4.  The  alkaline  earths  have  a  caustic  action,  but  far  less 
than  the  alkalies^  hence  the  terms  caustic  Ume  and  caustic 
baryta. 

p2 
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5.  They  likewise  eagerly  absorb  carbonic  acid  from  the  air. 

6.  The  carbonates  of  the  alkalbe  earths  are  quite  insoluble 
in  water  (the  carbonates  of  the  alkalies  are  easily  soluble). 

7.  The  carbonates  of  the  alkaline  earths  lose  their  carbonic 
acid  by  exposure  to  a  powerful  heat  (the  alkalies  do  not). 

8.  The  alkaline  earths  form  with  fats  insoluble  soap  (die 
alkalies  soluble  soap). 


THIRD  group:  aietals  of  the  earths. 

ALUMINUM  (Al). 

At  Wt.  =  14.— Sp.  Gr.  2.67. 
Clay  and  Loam, 

252.  The  peculiar  action  of  clay  on  being  mixed  with  water 
is  familiar  to  every  one,  forming  with  it  a  compact,  ductile  mass, 
which  may  be  kneaded  into  any  shape ;  it  is  plastic^  or  may  be 
moulded.  If  a  mixture  of  lime  and  sand  is  treated  in  the  same  ^ 
manner,  it  will  not  cohere,  but  remain  friable.  Common  clay 
contains  more  sand  than  plastic  clay,  and,  owing  to  the  presence 
of  iron  ochre,  has  a  yellow  or  brown  colour.  There  is  still  a 
coarser  variety  of  clay,  mixed  with  still  more  sand,  commonly 
called  loam. 

Experiment. — Hollow  out  a  piece  of  clay,  and  pour  some 
Fk.  188.  water   into    the  cavity  thus 

formed;  the  water  will  not 
percolate  through  the  clay,  as 
it  would  through  sand  pr  lime. 
When  beds  of  clay  exist  be- 
neath the  soil,  the  rain  is  un- 
able to  penetrate  far  down  in  those  places ;  and  consequently 
bogs  and  marshes  are  formed.  These  may  be  drained  by 
boring  holes  through  the  clay-beds,  down  to  a  looser  layer  of 
earth,  through  which  the  water  can  flow  off. 

There  are  found  in  many  places  in  the  interior  of  the  earth 
alternate  beds  of  clay  and  silica,  or  sand,  one  above  the  other. 
If  these  strata  ascend  on  each  side,  forming  hills,  the  rain-water, 
as  it  runs  down,  must  collect  between  the  layers  of  clay,  and 
rise  in  them  as  in  a  tube,  since  it  cannot  find  a  vent  in  any 
direction.  If,  in  such  a  geological  formation,  a  low  situation 
be  selected  for  boring  through  the  upper  strata  of  clay,  the 
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water  will  be  {breed  out  above  the  surface  of  the  soil,  and  a 
natural  fountain  will  be  the  consequence,  from  which  the  water 

Pig.  134. 


will  be  forced  still  higher  on  borinp^  through  the  second  layer 
of  clay.  These  fountains  are  called  Artesian  wellsy  from  the 
proyince  of  Artois,  in  France,  where  the  nature  of  the  soil  is 
%  peculiarly  adapted  to  such  works. 

Eccperiment — Put  on  a  paper  filter  half  an  ounce  of  dry 
pulverised  clay,  and  on  another  half  an  ounce  of  sand;  pour 
water  over  each,  and  weigh  them  as  soon  as  the  filtration  has 
ceased;  the  clay  will  weigh  three-eighths  of  an  ounce,  and  the 
sand  only  one-eighth  of  an  ounce  more  than  before.  If  the 
sand  had  been  very  coarse,  its  increase  of  w^ght  would  have 
been  still  less.  Clay  is,  indeed,  insoluble  in  water,  but,  like  a 
sponge,  it  can  imbibe  and  retain  a  large  quantity  of  it;  it  has 
a  very  great  capacity  of  retaining  water.  In  consequence  of 
this  property,  it  also  parts  with  water  again  much  more  slowly 
than  sand  does,  as  may  be  easily  seen  if  you  put  both  filters  in 
a  warm  place  to  dry.  These  two  species  of  earths  exhibit, 
when  dry,  a  still  greater  difference :  the  clay  forms  solid,  hard 
lumps,  the  sand  remains  a  loose,  granular  powder. 

253.  JEocperiment — If  you  digest  some  clay  in  an  infusion  of 
logwood  (§  174),  the  clay  acquires,  after  standing  some  hours, 
a  violet  colour,  and  the  liquid  becomes  much  more  transparent. 
The  clay  has  the  power  of  absorbing  colouring  matter,  and 
rendering  it  insoluble.  Potters'  clay,  or  pipe-clay,  comports 
itself  in  the  same  manner  towai*ds  unctuous  substances,  and 
hence  it  is  much  used  for  extracting  grease-spots  from  wood, 
paper,  &c.,  by  spreading  it  over  their  surface,  and  letting  it 
remain  one  or  more  days  in  contact  with  them.    A  soft  variety 
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o£  clay  is  employed  ia  cloth  foetcnnes,  under  the  name  oi/uibr^s 
earthy  for  removing  again  the  grease  applied  to  the  wool  ib 
spinning. 

254.  Experiment  —  Expose  half  an  ounce  of  thoroughly 
dried  day  to  the  air  for  some  weeks,  when  it  will  he  found  to 
have  nmad  ml  weight.  This  increase  of  weight  caa  only 
proceed  ft«m  thft  sdbtances  which  it  has  absodbej  §smm  me 
air ;  these  sae  waiSH^  carhoaic  aesd^  and  animonia..  Of  the 
presence  of  the  aanaonia  jam  maj  ea^r  he  eoiiWMd  By  the 
smell,  or  if  yoa  tnkmata  a  pisae  of  clay  token  &om  aa  old  wall, 
in  the  vicinity  of  hams  e^acially,.  with.  a&mR  WmB  and  a  few 
drops  of  water.  Clay^  when  firesnly  dug,  ^MBmssb  no  odour  of 
ammonia,  or  only  a  very  i^;;ht  odoai^  as  hemg  treated  in  the 
same  manner.  Thus  is  explained,  afe^  the  pecuHar  smell 
which  you  perceive  in  all  arg^aceeus  stones  when  you  breaiihe 
upon  tnem,  and  by  which  you  can  readily  determine  whether 
clay  is  contained  in  an  earth  or  stone.  As  water,  <»rbonic 
acid,  and  ammonia  are  the  most  important  meaaa  of  nooxi^*  ^ 
nwnt  for  plants,  it  is  v^  obvious  that  clay  must  enhance  the 
lertiiity  oi  the  soil,  because  it  attracts  those  sabstaiieeo  fima 
the  air.  That  clay  is  eapeeially  efficacious  whieh  has  lemaittfead 
for  years  in  contact  with  the  air,  since  in  consequence  of  Aom 
weathering,  soluble  salts  of  liae  and  potassa  (nitre,  &e«)  haaa 
formed  in  it. 

For  tins  reason,  bricks,  or  clay  fragments  of  old  buildings 
an  valued  by  tl^  e^erienced  fBurmer  as  excellent  maiuiKa* 
Clay,  when  gently  busnl^  also  experiences  a  similar  change. 
(§  258.) 

Ckmstituenis  of  the  Soil. 

255.  Clayey  or  locun^  and  sand  form  the  prineipal  tngife^ 
dients  of  our  soil;  therefore,  the  knowledge  of  their  propartifis 
is  of  great  importance  to  the  agriculturalist,  since  it  enables 
him  to  form  a  judgment  as  to  the  different  action  of  ao^  uk 
wet  or  dry,  m  eold  or  hot  weather,  &c.  A  soil  wholly  com- 
posed either  of  sand  or  of  day  is  totally  unproductive;  hut  a 
mixture  of  them  affords  a  ferule  soil.  A  clayey  oc  fat  soil  is 
too  compact  and  heavy,  not  allowing  the  roots,  of  the  smaller 
plants  particularly^  to  spread  sufficiently;  it  is  likewise  so 
dense  that  it  will  not  allow  of  a  free  circulation  of  air.  Bj 
ahaweis  of  short  duration  it  becomes  caked;  that  is,  a  emst 
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§ormB  oa  the  sur&ce^  wlach  |H?eveiitf  ike  wtter  Iroai  peneirating 
into  the  soil ;  but  iii^  loagHsontinned  rains  it  becomes  wuukfyif 
and  th^t  it  allows  the  water  to  eri^porate  hut  alowty,  and  re- 
mains for  a  lon^  time  wet  and  eold,  A  sandy  or  feast  soil 
sufifers  from  ^a&  <^»poMte  ^sadvantages  ;  it  has  too  little  con- 
sistency and  is  too  porous,  and,  therefore^  does  not  hdd  firmly 
the  roots  (^  the  plants ;  it  is  easily  raised  up  and  bIbwB  away 
by  the  wind ;  k  permits  the  rain  to  penetrate  toa  deeply,  and 
afterwards  to  evaporate  again  too  rapidly.  These  propertiss 
constitute  what  k  called  the  physical  et  external  condition  c£ 
the  scdL  It  is  now  evident,  that  the  physical  cendttioa  ol  a 
clayey  soil  may  be  ameliorated  by  tke  addition  o£  sand,  and  that 
of  a  sandy  soil  by  the  addition  of  day,  loan,  or  marl. 

256.   Testmg  a  SmL-^Eoferimeni. — To  ascertain  the  se- 

latire  amount  di  day  and  sand  in  a  soil,  tritarate  half  an  ounce 

of  it  in  a  mortar  witii  some  water  into  a  uiii£>rm  paste.    Dilute 

it  with  mare  water,,  and  pour  the  turyd  liquid  inte  a  tali  glass, 

f^.  135.    rmsing  out  with  water  what  remains  into  the  mortar. 

I  On  standing,  the  caarthy  paarticks  idll  sattle  to  the 
bottom,  according  t»  their  di£Serent  specific  gravities, 
first  the  eear»,  thei  the  fine  sand,  nod  finally  the 
clay  or  loam;  and  an  approsimative  condusion  of 
the  comparatwe  quantity  of  each  may  be  arrived  at 
by  observing  the  differei^  heighta  o£  the  layers  of 
sand  and  day.  This  estimatieB  may  be  rendered 
more  accurate  by  again  stirring  the  sediment, 
and,  after  a  short  time,  decanting  it  into  another 
ressd,  using  the  precaution^  however,  not  to  decant  the  sand, 
winch,  on.  account  of  its  greater  weight,  sinks  first  to  the 
bottom*  The  residue  is  again  stirred  up  with  water,  and  the 
^.    .g^  latt^  decanted,   uid  these  processes  con- 

^'  tinned  until  aU  the  clay  is  washed  out  of  the 

sand.  While  decanting,  hdd  a  rod  against 
the  rim  of  the  glassy  so  that  the  liquid  may 
not  be  lost  by  flowing  down  on  the  outer 
sur&ce  of  the  vessel,  or  else  besmear  the  rim 
with  tallow,  which  will  fikewise  jH'eveiiA  the 
>  adhesion  of  the  liquid  to  the  glass.  The 
sand  is  dried  and  weighed,,  and  the  loss  in 
the  original  half-ounce  is  to  be  calculated  as 
clay. 
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This  operatioD,  by  which  light  bodies  are  mechanically 
separated  firom  heavier  ones,  is  called  ehUriation,  It  is  fre- 
quently employed  to  separate  finely-crushed  ores  irom  the 
admixture  of  the  lighter  partides  of  stone  and  earth. 

The  third  very  important  ingredient  of  soils  is  Ume  (§  237), 
which  may  be  estimated  in  the  following  manner. 

Experiment — Put  into  a  capacious  flask  half  an  ounce  of 
well-dried  soil ;  pour  over  it  three  ounces  of  water,  and  then 
add  gradudly  half  an  ounce  of  muriatic  acid,  and  let  it  remain 
for  some  hours  in  a  warm  place.  When  the  effervescence  has 
ceased,  pour  the  liquid  upon  a  filter,  and  wash  the  flask  and 
filter  with  some  ounces  of  warm  water.  Add  ammonia  to  1^ 
yellowish  filtrate  till  it  has  a  decided  smell  of  it ;  the  brown 
flaky  precipitate  which  is  hereby  separated  consists  of  hydrated 
oxide  of  iron  and  alumina,  which  you  must  remove  by  a  second 
filtration.  The  clear  solution  obtained  is  then  boiled  in  a  flask, 
and  a  concentrated  solution  of  carbonate  of  ammonia  or  car- 
bonate of  potassa  is  added,  as  long  as  any  precipitate  forms.  * 
This  is  carbonate  of  lime,  which  you  must  collect  on  a  filter, 
p.  -„_  wash,  dry,  and  weigh.  A  more  simple  method  is 
^'  to  pour  the  contents  of  the  flask  into  a  graduated 

glass  cylinder,  and  determine  by  measure  the 
Hme,  which  soon  settles  at  the  bottom.  Yon  pre- 
viously determine  the  weight  of  a  deg^ree  of  hme, 
once  for  all,  by  dissolving  4,  6,  8,  10,  &c.,  grains 
of  chalk  in  diluted  muriatic  acid,  precipitating 
them  by  carbonate  of  ammonia,  and  then  marking 
the  space  occupied  by  the  precipitate  in  the  gra- 
duated cylinder.  If  you  have  more  liquid  than 
the  cylinder  holds,  you  may  either  evaporate  the 
liqui((  or  perform  the  experiment  with  half  the 
quantity.  This  method,  however,  will  not  give  very 
accurate  results  when  the  soil  contains  not  only 
lime,  but  also  alumina,  since  this  is  partially  precipi- 
tated at  the  same  time  with  the  carbonate  of  litne. 
These  two  simple  tests,  the  mechanical  and  the  chemical, 
deserve  to  be  more  frequently  employed  by  the  farmer  than 
they  actually  are ;  indeed,  by  means  of  them,  and  without  any 
costly  apparatus  or  much  expense  of  time,  he  can  make  himself 
sufficiently  acquainted  with  the  most  important  constituents  of 
his  different  soils. 
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jEarthemoare, 

257.  The  plastic  property  of  clay,  together  with  that  of 
hardening  by  heat,  render  it  peculiarly  adapted  for  the  manu- 
facture of  earthenware.  The  clay,  haying  been  more  or  less 
purified  by  elutriation  and  kneading,  is  either  feishioned  by  the 
nand  upon  the  potter's  lathe,  or  formed  by  pressure  in  moulds 
into  articles  of  various  shapes  ;  these  are  first  dried  in  the  air, 
and  then  baked  in  furnaces,  until  they  have  become  hard  like 
stone.  The  cky  contracts  in  drying,  but  still  more  in  baking ; 
consequently,  earthenware  is  smaller  after  being  baked  than 
before.  On  account  of  this  property,  small  cylinders  of  clay 
wore  formeriy  used  for  measuring  high  temperatures  (  Wedge* 
woed^s  pyrometer).  Though  earthenware  acquires  by  baking 
great  haidness  and  solidi(^%  yet  it  s^l  remains  so  porous  as  to 
imbibe  water,  and  also  to  let  it  transude.  This  fault  is  reme- 
died by.  covering  the  ware  with  a  vitreous  coating,  the  so-called 
glazing^  which  is  composed  of  the  same  materials  as  glass. 
(§  226.)     The  most  important  kinds  of  pottery  are — 

•  a.)  Bricks  and  flower-pots,  made  of  loam  or  coarse  clay, 
mostly  unglazed.  The  browmsh-red  colour  of  bricks  is  owing 
to  the  presence  of  oxide  of  iron. 

b,)  Elarthenware,  made  of  common  clay,  and  coated  with  a 
glazing  of  litharge  and  clay. 

c.)  Stoneware  (fine  earthenware),  made  of  very  white  clay, 
and  likewise  covered  with  a  glazing  of  litharge  and  clay. 

cf.)  Delftware,  stoneware  covered  with  a  glazing,  which  is 
rendwed  opaque  and  of  a  milky  whiteness  (enamel)  by  oxide  of 
tm  (white  Dutch  tiles,  &c.). 

€.)  Porcelain  is  made  of  the  finest  clay  (porcelain  clay  or 
kaolin),  with  felspar,  and  baked  till  fusion  commences ;  the 
glazing  consists  of  potassa-glass,  without  litharge. 

f.)  English  stoneware  (ordinary  porcelain)  is  made  of  grey 
clay,  not  strongly  baked ;  the  glazing  is  prepared  from  common 
salt,  which  is  thrown  into  a  hot  pottery  iiuiiMBuse,  and  consists  of 
soda-glass  without  litharge  (milk-pans,  beer-jars,  &c). 

Only  the  vitrifiable  pigments  (metallic  oxides)  can  be  em- 
ployed for  staining  and  omanjenting  the  different  kinds  of 
pott^. 

Com/position  of  Clay, 

258.  Experiment, — Dry  thoroughly  a  piece  of  white  clay,  and 
expose  it  for  some  hours  to  a  powerful  heat,  which  is  most  easily 


234  MET^S  OV  TKX  lABTHS. 

done  on  the  plate  of  a  heated  0¥eo ;  then  mb  two  ounces  of  it 
to  a  powder  in  a  poredain  bowl  with  one  otinoe  of  sulphuric  acid; 
poor  upon  the  mixtwe  oam  ounce  of  water,  and  let  k  renuin 
aiHne  weeks  in  a  warm  place.  Frequently  stir  th«  mass  &inig 
thb  time  with  a  glass  rod.  Finally,  dilute  it  wi&  ax  eaaees  of 
boiling  water,  and  strain  it  through  linen.  The  residoe  on  the 
latter  consists  principally  of  silieic  acid,  but  a  baoe  ealled 
mlumina  ( AI2  (H)  is  found  dissolved  in  the  ]kpiiL 

Cky  is,  accordingly,  an  insoluide  sah^  silieaie  efakimmm. 
Before  the  clay  is  h^ed,  the  silicic  acid  hMa  on  so  £brmly  to 
the  base  that  the  sid^uric  add  is  not  able  to  ex^  it ;  1^  it 
can  do  this  afber  the  clay  has  been  moderately  heated.  AM 
clay  (and  loam)  contains^  besides  silicate  of  akmii«%  varbUe 
quantities  of  silieates  ef  pc^assa,  sod%  lime,  d^,  whidt  are  like- 
wise rendered  dissolvable  by  burning  the  day.  To  these  aiBok- 
Kes,  as  well  as  t»  the  greater  porosity  of  the  heated  (^y,  it  is-  to 
be  attributed  ihak  &  heavy  dayey  sml,  which  is  imperviooa  to 
the  air,  is  converted  merely  by  burning  into  very  fertile  sofl>  and 
that  badly  (slightly)  burnt  bricka  yield  a  very  effidttot  jnatedal 
§(X  manure. 

Sulphate  of  Alumina  (AI2  O3,  3  S  O3  +  18  H  O). 

259.  Experiment — Evaporate  the  liquid  obtained  in  the 
former  experiment  till  only  one  and  a  half  or  two  ounces  of  it 
remain,  and  then  put  it  in  a  cool  place;  it  will  crystallise  in  thin 
silky  plates  of  a  pearly  lustre,  which  are  very  deHquescent ;  they 
consist  of  sulphate  of  alumina.  Four  off  the  liquor  remsuning 
behind,  which  always  contains  free  sulphuric  add,  and  again  dis- 
solve tiie  crystals  in  a  little  water.  In  Stories  the  solution  is 
frequently  evaporated  to  dryness,  and  a  solid  mass  is  thereby 
obtained,  which  is  employed  in  calico-printing  and  dyeing. 

Alumina^  or  Oxide  of  Ahmmwm  (AI2  Oa). 

260.  JElxperiment, — ^Add  a  solution  of  carbonate  of  soda  to 
half  of  the  above  solution  of  sulphate  of  alumina,  until  the 
liquid  reacts  badcaJly ;  a  brisk  e&rvescence  ensues,  and  a  gda- 

tinous  predpitate  is  Ibnned, 
VolatBe.  which^  aft^  repeated  wash- 
ings with  water,  will  diy  ia  a 
Soluble,    warm    place    into    a    white 
po^^4«r.     This  powder  is  a 
Inaolable.  combmaiaon  of  alumiaa  vrith 
water,  hydn^  ^  cdmmma 


(Alfl-Osy  3  H  O).  H  ii  insoluble  in  watery  and  camoi  eombtnt^ 
like  the  hm&  preriousljr  considered,  with  earboiMC  add  ;  ksDse 
ibe  carboniG  aeid  gas>^  set  free  £rom  die  cariKMMte  of  soda, 
escapes  with  efferrescence.  Alamkia  di£Pers  from  clay  in  not 
being  rendered  plastic  by  water,  and  horn,  lime,  baryta,  strontia, 
and  magnesia  in  not  giving  an  alkaHne  leaction. 

The-  constituents  of  ahinnna  are  aluminum  and  oxygen — one 
atom  of  aluminum  aoid  ose  and  a  half  of  oxygen.  Such  bases 
ave  called  sesquiatomie,  to  dtstingun^  them  from  the  one- 
atmned  bases,  hitherta  censideivd  as  K  O,  Na  O,  Ca  O,  &c. 
l^e  Buabers  of  tiiese  bases  are  doubled,  in  order  to  avoid  the  in- 
eaaTemeaeeof  using^fractions^  thus — 1 : 1-^  :  :  2:  3,  =  A12 O3. 

Experiment. — Hei^  m  a  test-tube  soxae  alumina  with  potassa; 
ifc  diasolTes  in  it  campletefy,  since  it  enters  into  comlunation  with 
Ae  petassa.  We  call  alumina  a  base^  Because  it  combines  widi 
acids  ;  we  may  also  reg^ard  it  as  an  €tcid,  for  it  combines  also 
with  bases.  We  shall  hereafter  find  among  the  metallic  oxides 
other  such  irresolute,  double-i&ced  characters,  which  play  the 
part  of  a  base  towards  strong  acids,  and  of  an  acid  towards  strong 
bases.  Strivii^  to  be  both,  they  are  in  reality  neither,  and 
t^refore  siUts  with  alumina  for  the  base  always  have  an  add  re- 
action, and  those  wkh  alumina  as  the  acid  a  basic  reaction^  but 
both  of  them  are  very  easily  decomposed. 

Ahaniaa  is  a  body  of  extvemdy  d^fficidt  JusibiHty  ;  we  can 
esly  melt  small  quaatities  of  it  before  the  osyhydrogen  blow- 
pipe. The  melted  alumina  has  the  appearance  of  glass,  and  a 
hardness  which  i»  only  surpassed  by^  tluvt  of  the  diamond  (arii- 
fieiat  rubies).  lu  tins  mm  we  find  alumina  also  in  nature; 
ikfe  ru^,  iiie  most  costly  red  pTOckms  stone,  and  ^e  sapphire^ 
the  most  costly  Uue  stone,  consist  of  crystallised  alumina. 
Mnery  has  also  the  same  cons^ution,  and  is  employed,  on  ae- 
couBfc  of  its  hardness,  for  polishing  metalsjmd  glass. 

Alum  (Sulphate  ofAhmma  cmi  Potassa) 

(K  O,  S  Oji  +  Alt  O3,  a  S  O,  +  24  H  0.) 

261.  Experiment. — Saturate  two  ounces  of  boifing  water 
idthsulj^teofpotfflea,  and  add  to  it  the  solution  of  sulphate*  of 
ahtmina,  obtained  at  §  259i  Stir  the  mixture  till  it »  cold,  and 
^eeant  the  dear  liquor  from  the  white  sediment.  The  aediment 
weihim  mz,  state  of  powder.     F  dissoked  ia*  boXi^  wqter  aad 
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slowly  cooled,  you  obtain  from  it  crystallised  alum  in  beantifiily 
transparent,  four-sided  double  pyramids  (octahedrons). 

Thus  alum  is  a  combination  of  two  di£Perent  salts — it  is  a 

Fig.  188.  double  salt.     The  two  salts,  sulphate  of 

^^  potassa  and  sulphate  of  alumina,  hayc 

y/}\\  united  chemicaUy  together,   for   a  new 

>/  /  \      N^        body  with  new  properties  is  formed  from 

y^^,.4- 1  .    ^v     &em  ;  they  have  united  chemically  witt 

^dl]^^^  1     "^IZ^  6*ch  other,  for  definite  quantities  of  both 

\v      ^^"Tt"     y^  Baits  have   entered  into    combination— 

\v      ;  /   y^       namely,  half  an  ounce  of  sulphate  of  po- 

\^\ //  tassa  and  an  ounce  of  sulphate  of  alumina; 

^^  or,  more  accurately,  1  at.  K  O,  S  0„  and 

1  at.  Als  Os,  3  S  Os.     Alum  is  difficultly  soluble  in  cold  water, 

easily  so  in  hot  water,  has  an  acid  reaction,  and,  like  all  the 

salts  of  alumina,  has  an  astringent  taste. 

262.  Experiments  with  Alum. 

Uaperiment  a. — Heat  a  small  crystal  of  alum  before  the 
blow-pipe;  it  foams  and  melts,  forming  a  whit-e  porous  mass 
(burnt  alum);  the  foaming  is  owing  to  the  evaporation  of  the 
water  of  crystallisation,  wmch  constitutes  nearly  one-half  of  the 
weight  of  the  alum. 

Experiment  b. — Hydrate  of  alumina  \s  precipitated  by  car- 
bonate of  soda  from  alum,  in  the  same  manner  as  from  sulphate 
of  alumina. 

Experiment  c, — Boil  half  an  ounce  of  Brazil-wood  for  fifteen 
minutes  in  six  ounces  of  water,  decant  the  decoction,  and  dis- 
solve in  it  half  an  ounce  of  alum  ;  it  thereby  acquires  a  more 
brilliant  red  colour.  Now  add  to  it  a  solution  of  carbonate  of 
potassa  or  of  soda,  as  lon^  as  any  precipitate  is  produced ;  this 
precipitate,  is  of  a  fine  red  colour,  and,  when  dried,  constitutes 
the  Brazil-wood  lake  of  commerce.  In  a  similar  manner, 
coloured  precipitates  (lakes)  are  obtained  from  other  vegetable 
colouring  substances.  This  example  serves  to  show  the  powerful 
attraction  which  alumina  has  for  colouring  matter.  Almost  all 
colours  of  the  animal  and  vegetable  kingdom  may  be  precipi- 
tated by  alumina  from  their  solutions,  which  accounts  for  the 
great  importance  of  the  alumina  salts  in  dyeing  and  calico- 
printing.  For  this  purpose,  the  acetate  of  alumina  is  very  he* 
.  quently  substituted  for  alum,  becaujse  the  feeble  acetic  acid  more 
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readily  leaves  the  alumina  than  the  strong  sulphuric  acid  does. 
It  is  obtained  by  mixing  together  a  solution  oi  acetate  of  lead 
and  sulphate  of  alumina  (or  alum),  whereby,  by  double  elective 
affinity,  soluble  acetate  of  alumina  (alum  mordant)  and  insolu- 
ble sulphate  of  lead  are  formed. 

JEafpenment  d, — ^Moisten  a  piece  of  alum  (or  clay  or  alumina) 
with  a  drop  of  a  solution  of  nitrate  of  cobalt,  and  heat  it  before: 
the  blow-pipe ;  the  nitric  acid  is  driven  off,  but  the  oxide  of 
cobalt,  which  jemains  behind,  imparts  a  beautiful  blue  colour 
to  the  compound  of  alumina.  This  fact  is  frequently  taken 
advantage  of,  as  very  accurate  means  of  detecting  alumina.  By 
a  similar  process,  a  valuable  and  very  beautiful  blue  pigment  is 
prepared,  called  5ma2^. 

Another  splendid  blue  pigment,  uUramarine,  has  been  made 
within  a  few  years,  by  heating  to  redness  a  mixture  of  alumina, 
sulphuret  of  sodium,  and  a  trace  of  iron.  This  pigment  must 
be  carefully  kept  from  contact  with  acids,  as  they  would  evolve 
from  it  sulphuretted  hydrogen,  and  destroy  the  colour. 

263.  Alum  is  not  prepared  on  a  large  scale  directly  from 
clay  and  sulphuric  acio,  but  from  rocks  containing  alumina  and 
also  sulphur  (pyrites)  ;  for  instance,  aluminous  slates  or  shales. 
If  these  rocks  are  allowed  to  remain  for  some  time  exposed  to 
the  air  {weathering)^  or  are  moderately  heated  (roasted),  there 
is  formed  from  the  sulphur  sulphuric  acid,  which  now  combines 
with  the  alumina. 

264.  Alum  affords  a  fine  example  for  elucidating  the  prin- 
<£ple  of  so-called  isomorphism.  For  instance,  we  are  able  to 
replace  the  potassa  in  the  alum  by  another  simple  atomic  base, 
namely,  soda  or  ammonia;  or  to  replace  the  alumina  by  an- 
other sesquibase,  namely,  sesquioxide  of  chromium  or  sesqui- 
oxide  of  iron,  without  thereby  changing  the  octahedral  crystal- . 
line  form.     We  thus  obtain  the  following  kinds  of  alum : 

PotMsa  ahun,  consisting  of  snlphate  of  alomina  -I-  sulphate  of  potassa. 
Soda  alum  "  ^  "       +       "  ^^^ 

Ammonia  alum       "  "  "       4-       **  ammonia. 

CbrtHnealnm         "  **  chrom^-|-       <*  potassa 

(soda  or  ammonia). 
Iron  alum  **  **  iron       -|-  sulphate  of  potassa 

(soda  or  ammonia). 

These  combinations  are  said  to  be  isomorphous  (from  lo-os, 
equal,  and  fiop(l>fi,  form),  or  having  the  same  form,  because 
they  possess  a  similar  constitution  and  the  same  crystalline  form 
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Hn  term  almi  is  npw  applied,  also,  to  some  -of 
)  doable  salts,  in  Wkich  no  altiiiBDa  is  pieseot.  Tkm  three 
Sat  of  the  atoms  moBlimied  have  « idiite  eoloor,  idHeme  altin, 
a  deep  red,  and  mm  idorn,  a  pale  violet  o(^our.  They  may 
easily  be  prepared  by  dissolving  together  i&  waster  their  maple 
coostitarait  salts,  in  proper  proportions,  and  pnt&igliie  soiotion 
aade  to  crystalfise. 

Oeemrrence  of  Aimmmm  m  Naimt. 
265.  Next  to  sifica,  alumina  oeems  most  fiieqneQ%  in  na- 
ture, and,  indeed,  not  only  in  clay  and  loam,  but  also  in  rocks 
and  minerals ;  for  instance,  in  tne  well-known  grey-coloured 
day-slate,  porphyry,  &c.  Felspar  must  be  regarded  as  the 
most  important  of  the  aluminous  minerals,  and  Is  found  in  grater 
or  less  quantity  in  granite,  gneiss,  mica-slate,  and  other  rocks. 
In  its  constitution  it  has  the  greatest  simOarity  to  alum,  ex- 
cept that  it  contuns  siKcic,  instead  of  srdphuric,  acid: 

Alum  (anhydrous)  (K  O,  S  d  -|-  AI2  Og,  8  S  Ot) ; 
Felspar  (K  0,  Si  O »  +  Alj  Oi,  8  Si  Os). 

Felspar,  like  all  other  stones,  is  finally  disinteg^ted  by  the 
influence  of  air  and  water,  and  by  heat  and  cold ;  it  weathers, 
as  the  miners  say,  or  is  ^solved,  and  the  siHcate  of  potassa  is 
thereby  gradually  removed  by  the  water,  so  that,  as  ^e  result 
of  this  decomposition,  clay  or  loam  remains  behind  (Al,  O3, 
3  Si  Oj).  When  the  farmer  lets  his  ploughed  land  YiefaUoWy 
that  is,  remun  uncultivated  for  some  time,  h^  by  this  means, 
accelerates  the  weathering;  soluble  salts  of  potassa,  soda,  lime, 
and  other  salts,  are  therefy  formed  from  the  constituents  of  the 
soil,  and  to  these  salts  espedally  is  to  be  attributed  the  greafter 
fertility  of  fallow  land  over  that  which  has  been  exhausted  by 
cultivation. 

2Q6.  Glucinum,  Yttrium,  Zirconium,  Thonum,  and  the  re* 
cently-i^scovered  ErUum,  Terbium,  and  Nonum,  aie  very  rare 
elements,  the  combinations  of  which  with  oxygen  aro  white, 
insoluble,  and  earthy,  like  aluminum,  and  are  called  Gludna, 
Yttria,  Zirconia^  &c. 

BETROSPECT  OF   THE  EARTHS  (aLUMINA,  &C.). 

1.  The  earths  are  combinations  of  the  metals  of  the  earths 
with  oxygen. 
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2.  They  «re  entirdy  mHiubk  in  water. 

3.  They  do  not  combine  with  carbonic  acicl. 

4.  The  jDOst  important  of  these  earths  is  4dumina9  which, 
oomhined  with  silica  (day^  loam),  forms  a  puaeipal  ingrechent 
of  aoik,  and  of  many  kinds  of  rocks. 

5.  Alumina  is  a  much  weaker  base  than  the  alkalies  ai^ 
alkaline  earths. 

6.  Weak  bases,  as  if  they  were  acids,  combine  with  strong 


7.  Many  bodies  may,  in  chemical  combinations,  replace 
another  body,  atom  for  atom,  without  a  change  <£  the  czystaffine 
farm  taking  placa  (jaemorphous  wdbstancee). 

8.  M€9^*al  s&ks  are  salts  in  which,  fi>r  every  atom  of  oxygen 
which  the  base  contains,  there  is  an  atom  of  acid. 

9.  Many  neutral  salts  may  oombine  with  one  or  several 
atoms  of  aicids ;  audi  combinations  are  called  acid  edits. 

10.  There  are  also  combinataons  of  neutral  salts  with  one  or 
■tore  atoms  of  bases ;  they  are  termed  basic  saks, 

11.  When  two  different  salts  unite  dieraioally  with  each 
oiher,  they  are  called  double  saks, 

BXTBOSFECT  OF  ISE  (uGHT)  METAIiS  HITHERTO  CONSIHEBED. 

1.  The  metals  of  the  alkalies,  of  the  alkaline  earths,  and  of 
the  earths,  are  called  Ught  meiah,  because  they  ace  epeci/icalfy 
lighter  than  the  other  metals. 

2.  They  never  occur  in  nature  as  pure  metals,  neither  as  pure 
oxides  (with  the  exception  of  alumina),  hot  always  as  ealts^  and 
constitute,  togeth^  with  silica,  the  principal  pei^acm  of  our 
esrtih. 

3.  Of  all  bodies,  ikiej  have  the  greatest  affinity  lor  oaygcHf 
and  form  with  it  oxides,  which  (with  the  exception  of  the  earths) 
dissolve  in  water. 

4.  The  oxides  of  the  metals  of  the  alkalies,  and  of  the  alkaline 
earths,  are  the  strongest  bases  (alkalies,  alkaline  earths). 

5.  On  account  of  their  great  affinity  for  oxygen,  the  prepa- 
ration of  the  light  metals  is  very  difficidt,  since  &e  combinaticm 
between  the  metal  and  oxygen  can  only  be  destroyed  in  the 
strongestheatbycharcoal,  or  l^  the  galvanic  current.  Only  po- 
tassium, sodium,  and  aluminum  are  as  yet  accurately  known. 

6.  Until  the  year  1807  the  alkalies  and  earths  were  regarded 
as  simple  bodies ;  but  at  that  time  the  cdefarated  chemist^  Davy, 
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succeeded  in  resolving  them  into  metals  and  oxygen,  by  means 
of  the  galvanic  current. 

7.  Most  of  the  light  metals  are  able  to  decompose  water,  even 
at  ordinary  temperatures,  and  without  the  aid  of  an  add ;  that 
is,  to  withdraw  from  it  the  oxygen,  and  consequently  tiberate 
the  hydrogen. 


LAWS  OF  CHEMICAL  COMBINATION. 

Before  proceeding  to  the  consideration  of  the  other  metals, 
it  will  be  well  to  revert  to  the  laws* of  chemical  combination, 
often  mentioned  in  the  foregoing  pages,  and  to  reduce  them  to 
a  methodical  system. 

267.  Classification  of  Chemical  Combinations. — As  innume- 
rable words  may  be  formed  from  the  twenty-six  letters  of  our 
alphabet,  so  likewise  innumerable  compounds  may  be  prepared 
from  the  sixty-two  chemical  elements.  These  may  be  classed 
in  three  great  divisions.  Combination  of  the  Jirst  order  are 
formed  when  elements  unite  with  elements ;  to  this  belong,  for 
instance,  acids  and  bases.  When  these  are  combined  together, 
we  obtain  combinations  of  the  second  order^  for  instance,  salts. 
From  the  union  of  the  salts  widi  salts  are  produced  combina- 
tions of  the  third  order^  for  instance,  double  salts.  We  find 
something  quite  analogous  to  this  in  the  construction  of  our 
language.  From  letters  we  form  st/Uables,  from  syllables  single 
words,  and  from  single  words  compound  words., 

268.  When  bodies  combine  chemically  with  each  other^  it  is 
always  in  certain  Jixed  and  invariable  proportions.  Water, 
in  whatever  condition  it  may  exist,  whether  in  spring  or  in  the 
sea,  as  ice  or  vapour,  is  uniformly  composed  of  1  ounce  of  hydro- 
gen and  8  ounces  of  oxygen.  When  artificially  prepared  by 
bumiog  hydrogen  in  oxygen  gas,  exactly  the  above  proportion 
of  each  g^s  is  required,  that  is,  1  grain,  ounce,  or  pound  of 
hydrogen  is  required  for  every  8  grains,  ounces,  or  pounds  of 
oxygen.  If  1-^  ounce  of  hydrogen  be  taken,  half  an  ounce  of 
hydrogen  remains  behind ;  or  if  9  ounces  of  oxygen  are  taken, 
then  an  oyince  of  oxygen  remdns  behind.  Quicklime,  whether 
prepared  from  marble  or  limestone,  from  chalk  or  oyster-shells^  in- 
variably contains  20  ounces  of  calcium  and  8  ounces  of  oxygen; 
and  sulphuric  acid,  whether  manufactured  by  the  Nordmiusen 


CHEMICAL  PBOPOBTIOKS.  241 

method,  from  green  vitriol,  or,  according  to  the  English  method, 
by  the  combustion  of  sulphur,  always  contains  16  ounces  of  sul- 
phur to  24  ounces  of  oxygen. 

269.  It  has  also  been  ascertained,  by  the  most  accurate  in- 
vestigations, how  many  parts  by  weight  of  the  other  elements 
combine  with  one  part  by  weight  of  hydrogen.  Since  these 
quantities,  as  will  hereafter  appear,  are  of  great  importance  in 
chemistry,  the  numbers  representing  those  of  the  most  common 
elements  are  given,  as  follows: 

Eight  ounces  of  ccsygen,  =  O,  combine  with 

or  K. 

"  Na. 
"  NH4. 
"  Ca. 
"  Ba. 
«  Mr. 
"  Al. 
"  Fe. 
"  Mn. 
"  Co. 
«  Ni. 
"  Ag. 
"  Pt. 
"  An. 
"  Cr. 
"  As. 
"  Sb. 

These  numbers  are  called  combining  proportianalsy  because 
they  express  the  proportion  in  which  an  element  chemically 
combines  with  8  parts  of  oxygen.  If  we  now  wish  to  ascertain 
the  composition  of  potassa,  or  of  oxide  of  mercury,  we  have 
only  to  refer  to  the  table,  and  we  find,  that  in  potassa  40 
ounces  or  parts  of  potassium  combine  vrith  8  ounces  or  parts  of 
oxygen,  and  that  in  the  oxide  of  mercury,  200  oimces  of  mer- 
ciny  combine  with  8  oimces  of  oxygen* 

Accordingly,  the  elements  vdth  t&  smaller  propordonal  num- 
bers must  be  regarded  as  more  powerful  than  those  with  larger 
proportional  numbers.  Potassium,  for  instance,  is  5  times 
stronger  than  mercury,  since  40  ounces  of  it  unite  vnth  the 
same  quantity  of  oxygen  that  200  ounces  of  mercury  do. 

270.  Equivalents, — Further  experiments  have  led  to  the 
surprising  discovery,  that  these  numbers  not  only  indicate  in 
what  proportion  the  elements  combine  with  oxygen,  but  also  in 
what  quantities  thej  combine  with  each  other.  These  quantities 
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are  the  same  aa  iiiOBe  of  the  prt^ortioBal  numheni.  1  otmee  of 
hydrogen  oombmes  exactly  with  8  ounces  of  oxygen,  forming 
water;  with  16  ounces  of  sulphur,  forming  sulphuretted  hy« 
drogen;  witii  36  ounces  of  chlmne,  forming  muriatic  acid. 
The  same  quantity  of  sulphur  which,  with  24  ounces  of  oxygen, 
formed  sulphuric  acid,  yields,  with  40  ounces  of  potassium, 
sulphuret  of  potassium,  with  28  ounces  of  iron,  flulphovet  of 
iron,  and  wttk  100  ounces  of  mercury,  persulphuret  of  merouiy 
(cinnabar).  K  the  iron  is  heated  wim  cinnabar,  the  sulphinr 
passes  to  the  stronger  iron,  and  the  mercury  is  set  free.  28 
ounces  of  iron  are  thus  just  sufficient  to  decompose  116*  ouoces 
of  dnnabar,  and  consequently  to  liberate  100  ounces  of  mercury. 
If  more  iron  is  anployed,  a  portion  of  it  remains  uncombined; 
if  more  cinnabar,  a  part  of  it  remains  undecompoeed.  When 
in  a  chemical  combincUion  one  element  replaces  anaiher^  it 
always  happens  m  Me  quantities  specified  bjf  the  combining 
proportionals. 

For  the  same  sum  can  be  bought  6  ounces  of  gold,  or  12 
ounces  of  platinum,  or  100  ounces  of  silver,  or  1500  ounces  of 
mercury;  convequently,  6  ounces  of  gold  haive  the  same 
mercantile  value  as  12  ounces  of  platinum,  or  100  ounces  of 
silver,  &c.  llie  same  principle  holds  good  in  chemistry.  28 
ounces  of  iron,  40  oimces  of  potassium,  or  200  ounces  of  mer- 
cury, combine  with  8  ounces  of  oxygen ;  accordingly,  28  ounces 
of  iron  have  the  same  chemical  value  as  40  ounces  of  potassium, 
or  200  ounces  of  mercury.  Tliis  is  the  reason  why  these 
numbers  are  ^ewise  termed  equivalents  (from  aquus,  equal, 
and  valor^  value).  Thus,  by  one  equivalent  of  oxygen  is  to 
be  understood  8  parts  of  it  by  weigm ;  by  one  equivalent  of 
iron,  28  parts  by  wdght;  and  by  one  eqmvalent  of  mercury, 
200  parts  by  weight,  &c. 

271.  The  same  law  of  equivalent  proportion  applies  also 
to  the  chemical  combinations  of  the  second  and  third  order,  to 
which  the  process  of  a  neutralisation  of  a  base  by  an  acid,  and  l^e 
capacity  or  saturation  of  acids,  referred.  (§  200.)  When  the 
basic  properties  of  a  base,  and  also  the  acid  properties  of  an 
acid,  have  disappeared,  then  these  two  bodies  have  united  with 
each  other  in  precisely  those  quantities  whicli  are  determined  by 
the  natural  law.     The  amount  (^  this  quantity  for  each  body 

•  tliimabar  is  composed  of  mercorj  200  -|-  ti^pliiir  32  »  282. 
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may  easilj  be  ascertained  hy  addmg  togeCiier  the  eqamdent 
numbers  of  theb  oomponent  paits. 

Chalk  is  carbonate  of  lime  (Ca  O,  C  O2). 

Lime  oonsists  of  CaHwmc  Acid  coonsts  of 

1  eq.  of  cakhun  »  20  1  eq.  of  carbon  «    6 

and  1  eq.  of  oiygen  =s    8  and  2  eq.  of  osygen  s=  16 

Cmakismg  number  of  Ga  0  «  28  Ckmbining  number  of  C  Ox  »  22 
That  is,  in  ofaalk  28  ouooee  of  lime  are  always  combined  with 
22  omices  of  carbonic  acid,  and  exactfy  the  same  prc^rticm 
must  foe  used  in  the  artificial  prepaifktion  of  ehalk  £r(mi  its  con- 
s^tuents.  The  combining  proporticm,  or  equiralent  nmnber,  of 
«haiBc  is  accordingly  =  50. 

If  we  wish  to  convert  chalk  by  common  solphuric  acid  into 
sulphate  of  lime  (Ca  O,  S  O3),  we  must  first  seek  for  the  pro- 
portiofial  number  of  the  add.  We  commonly  find  in  it  one 
equivalent  of  anhydrous  sulphuric  acid,  united  with  one  equiva- 
lent of  water. 

The  coBstataents  of  The  'coostitn^ts  of 
fiulphnrie  acid  are                                         wi^r  are 

1  eq.  snl^nr  —  16                             1  eq.  hydrogen  ^  1 

and  3  eq.  oxygen    =24                             1  eq.  oxygen  =  8 

Eq.  ofSOsistfans  »40  Eq.  of  H  O  is  thus    «9 

Consequently,  the  combining  proportion  of  common  sulphuric 
acid  is  49.  This  quantity  just  suffices  to  convert  the  above 
obtained  50  ounces  of  chalk  into  sulphate  of  lime.  The 
carbonic  acid  which  thereby  escapes  amounts  to  22  ounces. 

Sulphate  of  lime  combines  always  with  two  equivalents 
of  water  of  crystallisataon ;  its  constituexrts  are,  conse- 
quently,— 

leq.ofCaO=28 

leq.ofSOf  =40 

and  2  eq.  df  H  0  =18 

EqnifBlentnmnberof  crystsnlphateoffime  =  86  =  Ca  0,  S  O3  +  2  H  0. 

If  you  heat  it,  the  water  is  e^melled,  and  th^e  remains  for 
calcined  or  anhydrous  sulphate  of  lime  the  equivalent  68.  It 
is  evident  that  water  enters  into  chemical  combinations  with 
the  acids,  bases,  or  salts,  not  as  being  essential  to  their  consti- 
tution, but  only  as  forming  a  portion  (£  them. 

Previously  to  the  discovery  of  tiiis  law,  hardly  fifty  years 
agOy  it  could  only  be  ascertained  by  laborious  trials  how  much 
of  one  body  was  required  to  combine  with  another,  or  to  replace 

q2 
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another ;  it  is  now  only  necessary  to  refer  to  the  tahle  of  the 
proportional  or  equiyafent  numljers  to  ascertsdn  beforehand 
the  quantity  to  he  employed. 

272.  Multiple  Proportions,  —  Many  elements  haye  the 
capacity  of  comhining  with  three,  four,  fiye,  or  eyen  more 
proportions  of  oxygen,  sulphur,  chlorine,  &c.,  thus  producing 
the  di£Perent  oxides,  sulphurets,  chlorides,  &c.,  described  in 
section  154.  This  would  at  first  seem  to  be  inconsistent  with 
the  law  that  bodies  always  combine  with  each  other  in  fixed 
proportions ;  but  on  more  mature  consideration  of  the  subject^ 
it  will  be  obvious  that  no  inconsistency  exists,  and  that  iJhese 
greater  or  less  quantities  are  not  promiscuously  compounded, 
but  that  they  are  likewise  combined  in  fixed  and  invariable 
proportions. 

If  we  ascend  a  hill,  it  is  at  our  own  option  to  take  many  or 
few,  long  or  short  steps,  since  the  inclination  is  not  interrupted 
by  perpendicular  acclivities  ;  but  on  mounting  a  flight  of  stairs 
or  a  ladder,  a  determinate  and  regular  number  of  steps  only 
can  be  taken.  In  like  manner,  bodies  which  combine  in  several 
proportions  with  another  body  do  so  in  di£Perent,  but  yet  in 
invariable  quantities,  and  such  combinations  always  take  place 
in  ratios  of  1^,  2,  2^,  3,  or  3^,  but  nevef  in  ratios  of  li,  or 
1},  or  I -J,  &c.  The  ascent  takes  place,  as  it  were,  only  by 
whole  or  half  steps  ;  thus,  for  instance, — 

a  «-  «^  «o«k,v«  r  8oz.of  oxygen,  carbonic  oxide  =  C  0. 

l^m^h      \  12  "           »»      oxalic  acid  =  C,  O,. 

form,  with      ^jg„            «       carbonic  acid  =  C  oj 

r  8  oz.  of  oxygen,  nitrons  oxide  «=  N  0. 

14oz.  of  nitrogen  J  16  **           "      nitric  oxide  =  N  O2. 

form,  with      )  24  "           "      nitrons  acid  =  N  O3. 

t40  "           »*      nitric  acid  =  N  O5. 

r  80Z.  of  oxygen,  protoxide  of  manganese  =  Mn  O. 

28  oz.  manga-  J  }|  «           "      sesquioxide  of  manganese  =  Mn,  O3. 

neJ  form  Twth  i  ^^                      peroxide  of  manganese  =  Mn  O3. 

nese  form,  with     34  i»           *<      manganic  acid  =  Mn  0«. 

1^28  "           "      permanganic  acid  3=  Muz  O7. 
In  the  combinations  of  carbon,  the  ratio  of 

the  oxygen  is  as           .             .             .  1  :  1^ :  2 

In  the  combinations  of  nitrogen,  the  ratio  of 

the  oxygen  is  as           .             .             .  1:2:3:5 

And  in  the  combinations  of  manganese,  the 

ratio  of  the  oxygen  is  as           .             .            1  :  1 J  :  2  :  3  :  3^ 
It  is  obvious  that  these  numbers  stand  in  a  very  simple  ratio 
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to  each  other,  and  that  the  larger  numbers  are  multiples  of  the 
smaller  number;  this  is  expressed  by  calling  it  the  law  cfmuU 
tiple  proportions, 

273.  Gaseous  bodies  always  combine  toith  each  other  in 
certain  volumes.  The  volume  of  the  gases  is  very  often  less, 
after  combination,  than  the  sum  of  their  volumes  in  the  sepa- 
rate state. 

Examples, 

From  1  vol.  of  chlorine  and  1  vol.  of  hydrogen  are  formed 
2  vols,  of  hydrochloric  acid  gas. 

'  From  2  vols,  of  hydrogen  and  1  vol.  of  oxygen  are  formed 
2  vols,  of  aqueous  vapour. 

From  3  vols,  of  hydrogen  and  1  vol.  of  nitrogen  are  formed 
2  vols,  of  ammoniacal  gas. 

From  6  vols,  of  hydrogen  and  1  vol.  of  sulphur  are  formed 
6  vols,  of  sulphuretted  hydrogen  gas. 

Thus  the  same  constancy  characterises  the  combinations  by 
volumes  as  those  by  weight,  and  they  are  marked  by  a  still 
greater  simplicity.  And  if  it  were  possible  to  convert  all 
bodies  into  gases,  probably  a  similar  simple  proportion  by  mea- 
sure or  volume  would  be  observed  in  all  chemical  combina- 
tions. 

274.  Atoms. — After  having  proved  by  a  vast  number  of 
facts,  the  result  of  the  most  laborious  investigations,  that 
chemical  combinations  always  take  place  according  to  fixed 
volumes  and  weights,  the  cause  of  this  wonderful  immutability 
is  sought  for.  A  thinking  man,  when  he  know^  that  a  thing 
happens,  and  how  it  happens,  will  always  inquire,  Why  is  it 
thus,  and  not  otherwise  ?  This  question  could  not  be  solved  by 
any  effort  of  experiment  and  observation ;  but  reflection  has 
enabled  us  to  arrive  at  an  idea  by  which  we  can  explain  to  our- 
selves this  regularity  and  unchangeableness.  This  idea  has 
received  the  name  of  the  atomic  theory.     It  is  as  follows  : 

] .)  Every  substance  is  composed  of  small  particles,  which 
lie  in  contact  with  each  other,  and  are  called  atom^  ;  between 
these  atoms  there  are  interstices  or  pores.  In  light  bodies  the 
atoms  are  more  remote  from  each  other,  and  the  mterstices  are 
larger,  than  in  heavy  bodies.  When  substances  are  subjected 
to  cold  or  pressure,  the  atoms  approximate  more  closely,  and 
the  bodies  become  denser  and  specifically  heavier,  while,  if  heated, 
the  atoms  separate  from  each  other,  the  pores  become  larger, 
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and  ihe  bodiea  consequeBily  mote  expanded  and  specificaUy 
lighter.  The  atoms  are  farthest  distant  from  eaeh  other  i& 
gases  and  vapours  ;  in  steam,  for  instance,  they  are  1700  tknes 
more  remote  than  in  liquid  waiei»  sinee  the  focmer  oco^q^es 
1700  times  more  space  than  the  latt». 

2.)   Simple  hodies  have  simple  atoms,  compound  bodies^ 
compound  atoms.     For  example, — 

Carbon:  Oxygen:  Calcium: 


Carbonic  oxide.      Carbonic  add.  Lime.  Carbonate  q£  Ume. 

3.)  These  small  particles,  of  which  the  mass  of  a  body  con- 
sists, cannot  be  further  divided  into  smaller  particles.  Thus^  is 
explained  the  name  atomos  (that  which  cannot  be  divided). 

4.)  They  are  so  small  that  they  can  neither  be  seen  nor 
counted,  even  by  means  of  the  most  powerful  magnifying^ 
glass ;  and  they  nave,  therefore,  only  an  imaginary  existence. 

5.)  "When  a  solid  body  separates  slowly  from  a  fluid,  its  atoms 
have  time  to  arrange  themselves  beside  each  other  in  a  definite 
manner,  and  we  obtain  regular  crystals  ;  but  on  becoming  sud- 
denly solid,  an  irregular  disposition  of  the  atoms  takes  place, 
and  the  body  appears  amorphous  (vitreous  or  pulverulent). 

6.)  The  position  of  the  atoms  towards  each  other  may  he 
varied.     As  four  baUs  mar  be  put  in  <3ie  following  positions, 
so  atoms  also  may  lie  beside  each  other, 
arranged  sometimes  in  one  and  some-  ^-v   /"~\/^^/^''^\/^^\ 
times  in  another  manner.     Thus  is  ex-  i)  v.-Jv_^A^-^V_^' 
plained  why  one  and  the  same  substance  -     ^    ^ 

may  often  appear  in  different  forms  of 
crystallisation,  or  with  a  different  struc- 
ture, consequently  in  two  different  states      -— >^r-^  ^^-x 
(dimorphous).      Sulphur,    at   ordinary    (T)     /^\_J^ 
temperatures,  ciystalHses  from  its  solu-     ([)     V_>ry_/ 
lions  in  octahedrons  ;  but  when  fused,      >>^^  ^^ 
it  crystallises    on    cooling  in  oblique 

prisms.  (§§  125,  126.)  A  newly-forged  iron  axle  has  a  fibrous 
texture,  but  after  being  used  for  some  time  its  texture  becomes 
granular. 

7.)  The   atoms  of  different  bo<fies  have  also  probably  a 
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A  legvbx  mpaxe  b^  W  o«BStraeted  d  fouf 
but  if  we  replace  one  of  the  peas  by  a  bean 


tben  in  both  cases 


or  by  a  mnstard-seedj 


the  zeg^ilax  form,  is  disturbed ;  it  remains,  however,  unchanged^ 


when  a  bail  of  lead  of  the  same  size  as  the  pea 


is  suhsti- 


tntedfor  it,  though  the  aquarewill  now  present  a  different 
i^eoraner.  Tins  i^  an  ilkstration  of  what  occurs  with  the 
aatoms.  We  have  seoti,  in  the  case  of  the  alums,  that  the 
potasea  may  be  replaced  by  soda  or  MsmoDia,  or  the  alumina 
by  sesquioxide  of  chromium  or  sesqaioxide  of  iron,  without 
changing  the  form  d:  the  crystals.  We  therefore  condude 
tibat  potassa,  soda,  and  ammonia  have  equally  large  atoms ; 
they  are  isomorphona  (of  the  same  shape) ;  the  same  appliea 
ako  to  alumina,  and  to  sesquioxide  of  chromium  and  of  iron. 
If  we  see,  on  the  oontrary,  that  a  change  takes  place  in  the 
form  of  the  crystals  whoi  we  replace  one  body  by  another,  we 
thence  infer  tliat  there  is  an  unequal  size  of  the  atoms  in  these 
bodies. 

8.)  The  isomeric  state  of  bodies  ia         a  h 

exfdmed  very  simply  by  the  atcnnic 
^leory.  The  most  manifold  and  regular 
grcrapings  may  be  produced  on  a  dbess- 
board  by  transposition  of  the  white  and 
black  squares ;  for  instance, — 

Each  figure  is  composed  of  eight 
white  and  eight  black  squares,  but 
though  the  absolute  niunber  is  the 
same,  the  grouping  is  different.  In  a, 
one  and  one,  in  b,  two  and  two,  in  c  ^^  **      , 

and  d,  four  and  four,  squares  are  so  joined  together  as  to 
present  a  different  appearance.     If  we  imagine  these  squares  to 


mm 


248  OHIMIOAL  PBOPOBTIOKS. 

be  atoms,  we  obtain  an  idea  of  isomeric  bodies,  and  it  is  thus 
rendered  clear  how  there  may  be  bodies  of  the  same  constitution 
and  form,  yet  presenting  an  entirely  different  i^pearance,  and 
possessing  different  properties.  Those  exceedingly  ^Ussimilar 
bodies,  caoutchouc  (gum  elastic),  petroleum,  and  illuminating 
gas,  afford  a  striking  example  of  external  ^fference  and  internal 
conformity.  They  haye  the  same  constituents  (carbon  and 
hydrogen)  both  in  quality  and  relatiye  quantity. 

9.)  The  atoms  of  the  different  bodies  must  finally  possess 
also  weighty  and,  indeed,  yery  different  degrees  of  it.  If  a  piece 
of  chalk,  containing  perhaps  a  million  of  atoms,  has  a  fixed 
weight,  so  also  must  tne  smallest  particle  of  it  possess  weight, 
howeyer  slight  it  may  be ;  for  a  body  haying  weight  can  neyer 
be  formed  of  a  body  having  no  weignt.  Chalk  always  contains 
28  ounces  of  lime,  and  22  ounces  of  carbonic  acid.  If  a  large 
piece  of  chalk  has  this  constitution,  so  a  smaller  piece,  eyen  die 
minutest  particle,  must  contain  the  same  proportions.  If  we 
suppose  chalk  to  be  composed  of  one  atom  of  lime,  and  one 
atom  of  carbonic  acid,  we  ascribe  to  the  atom  of  lime  a  weight 
of  28,  and  to  the  atom  of  carbonic  acid  a  weight  of  22.  In 
28  ounces  of  lime  are  always  contained  20  ounces  of  calcium 
and  8  ounces  of  oxygen ;  this  combination,  also,  is  to  be  re- 
garded as  consisting  of  equal  atoms ;  accordingly,  one  atom  of 
calcium  weighs  20,  and  one  atom  of  oxygen  8.  Finally,  in 
22  ounces  of  carbonic  acid  are  always  contained  6  ounces  of 
carbon  united  with  16  ounces  of  oxygen ;  wherefore  6  is  to  be 
regarded  as  the  weight  of  an  atom  of  carbon,  and  16  as  that  of 
two  atoms  of  oxygen. 

The  numbers  are  exactly  the  same  as  those  given  in  the  list 
of  proportional  or  equivalent  numbers.  Thus  these  numbers  in 
an  atomic  point  of  view  may  be  regarded  as  the  relative  weight 
of  the  atoms;  hence  the  mird  and  simplest  name  for  them, 
atomic  weights. 
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HEAVY  METALS. 

FIRST  GBOUP  OF  THE  HEAVY  METALS. 

lEON,  PEREXTM  (Fe). 

At.  Wt  «  28.  —  Sp.  Gr.  «  7. 

275.  If  gold  is  called  the  kbg  of  metals,  iron  must  be 
deemed  by  &t  the  most  important  and  useful  subject  in. the 
metallic  r^dm.  Iron  was  formerly  regarded  as  the  symbol  of 
war,  and  received  the  name  of  Mars,  and  the  symbol  ^  ;  but 
who  does  not  know  that  it  has  now  attained  also  a  great,  an 
indescribably  great  importance  in  the  peaceable  occupations  of 
men  ?  It  is  not  only  converted  into  swords  and  cannons,  but 
into  ploughshares  and  chisels,  and  into  a  thousand  other  imple- 
ments and  machines,  from  the  simple  coffee-mill  to  the  won- 
derful steam-engine.  It  is  the  ladder  upon  which  the  arts  and 
trades  have  mounted  to  such  an  extraordinary  height.  It  is 
the  bridge  upon  which  we  now  glide  over  mountains  and  valleys 
with  the  rapidity  almost  of  magic. 

Pure  gold  is  found  on  the  surface  of  the  earth,  and  it  is  only 
necessary  to  free  it  from  earthy  admixtures  to  obtain  it  in  a 
pure  metallic  state.  Not  so  wiui  iron.  The  ore  in  which  this 
lies  imbedded  must  be  procured  horn  the  earth  by  skilful  opera- 
tions, and  its  oxygen  expelled  by  ingenious  methods,  and  by 
exposure  to  the  hottest  fire,  in  order  to  convert  it  into  metallic 
iron ;  the  latter  must  again  be  fused  and  refined  by  different 
operations  before  it  can  be  forged  and  welded.  Gold  is  pre« 
sented  to  men  by  nature  as  a  gift,  but  iron  must  be  struggled 
for  by  the  most  laborious  toil,  by  exertion  both  of  the  Ix^y 
and  mental  powers.  Thus  iron  has  become  a  blessing  to  those 
countries  whose  inhabitants  are  occupied  with  the  mining  and 
working  of  it ;  for,  as  history  teaches,  in  those  countries  are 
found  die  blessings  attendant  on  labour,  health,  contentment, 
prosperity,  and  intellectual  culture,  in  a  fEU*  greater  degree  than 
in  those  countries  where  gold  abounds  and  industry  is  neglected. 

In  another  respect,  also,  iron,  of  all  the  heavy  metals,  appears 
to  be  the  most  important  to  mankind.  It  is  the  only  metal 
which  is  not  injurious  to  the  health,  the  only  metal  which  forms 
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a  neyer-fuling  constituent  of  the  body,  especially  of  the  blood ; 
the  only  metal,  finally,  which  is  found  everywhere  on  the  earth, 
in  all  stones  and  soils,  and  in  almost  every  plant  Although 
we  are  ignorant  wherein  comitlB  ^e  influence  which  it  exercises 
upon  the  life  of  animals  and  plants,  yet  its  universal  difEusion 
must  lead  us  to  conclude  that  it  nas  pleased  the  Highest  Wisdom 
to  invest  iron  with  an  impoitanee  &r  organic  life  similar  to  that 
possessed  by  common  salt,  lime,  phosphoric  acid,  and  some  other 
substances.  * 

JEogftriments  wM  Iron  {Iwn  Oresy 

276.  For  these  experimentg  j£ne  tren  filings  aie  employed, 
sodi  aa  are  kept  in  diemista'  sIk^s. 

ExperisMnt  a. — Place  14  grains  of  iron  filmga  upoa  apieee 

of  chaireoal,  and  heat  it  for  some  imnutes  in  the  flame  of  Ae 

Uow-fipe,  directed  upon  one  i^t;  it  becomea  led-hot^  and  the 

heat  spreads  throughout  the  whole  masa^  as  is  appaoent  £roiB 

^    j_  the  iridescent  tints^  which  pfeoeife 

^*  the  red  heat.     The  iron,  on  cwAr 

\ing  acquires  a  dadcer,  almost  a 
hlaek  colour,,  and  bakes  iniD  a 
coherent  mass  weighing  abovit.  I^ 
^^^^^  grains.  Thus,  14  grains  hftve 
^^^^^H  combined  with  1  gnub  ai  oxygen. « 
^/^^^^^B  If  you  multiply  these  Bambers 
^^^^^^  ^y  ^  J^«  ohXam  28  gsakie  of 
'  ^JP^^^-  iron  (1  atom),  and  2  grains  <^ 
^^KfP^  oxygen  (\  atom)»  or  four  atoais 
^^^^^  ci  iron  to  one  atom  of  oxygen. 

This  body  may  be  termed  suboxide  of  iron.  In  the  {^otoxide 
of  iron,  one  atom  of  iron  (28)  always  combinea  with  one  atom 
of  oxygen  (8) ;  consequently  the  adjoxide  may  be  regarded  as 
a  mixture  of  one  atom  of  protoxide  of  iron  and  three  atoms  cf 
metflJlic  iron. 

JE3q)eriment  h, — Subject  again  the  above  aaass  to  a  red  heat, 
&r  a  longer  period,  in  the  blow>{»pe  flame.  It  continues  tamr 
creasein  weight  until  it  has  finally  gained  "from  four  to  ^ye  gnins 
more.  It  now  forma  the  same  combinatioQ  as  was  produced 
by  the  bumix^  of  iron  in  cucygen,  and  in  the  forgii^  and 
welding  of  iron,  namely,  the  well-known  train,  cinders.  It  is  a 
mixture  of  protoxide  and  sesquioxide  of  iron.  The  protoxide 
(Fe  O)  cannot  be  pc^pexed  in  a  pure  state  by  this  method,  as 


sesquoxide  k  always  siiimltaiieoiisly  formed;  but  from  the 
eokfiir  oCthe  sdbozuk  and  of  the  black  oxide^  it  may  be  inferred 
that  it  has  a  black  cdour.  We  pereeiTe  this  coloiur,  also,  in  all 
those  ro^  which  contain  protoxide  of  iron,  generally  in  com- 
biBatioa  with  dlicic  acid.  Almost  all  black  and  green  stones, 
for  instance^  basalt,  clay-slate>  greenstone,  SOTpentine,  ke^  owe 
dwir  eolonr  to  protoxide  of  iron. 

An  iron  ore,  which  has  the  same  constitution  and  the  same 
black  colour  as  iron  scales,  occurs  abundantly  in.  many  j^aces. 
It  is  cidled  magnetic  oxide  cf  iron^  and  is  not  only  attractable 
by  the  magnet,  but  is  itself  lUtewise  magnetic.  A  smaU  magnet 
may  be  propaied  by  placing  a  peee  of  magnetic  ircm  ore  (load- 
stone) between  two  rods  of  iron,  when  the  magnetic  force  passes 
from  the  stone  into  the  iron.  The  celel»rated  Swedish  iron,  is 
mostly  obtained  from  this  variety  of  iron  (»e. 

Uxperiment  c — Iron  cinders,  when  exposed  for  a  long  time 
to  the  outer  or  oxidising  blow-pipe  flame,  become  covered 
with  a  red  ptdverulent  coating;  they  take  yet  more  oxygen 
bom  the  air,  and  become  sesquioxide  of  iron  (Fe^  O^). 

JExperi^eni  dL — The  sesquioxide  of  iron  may  be  prepared 
moee  easily  in  the  following  manner.  Place  a  crystal  of  green 
vitriol  upon  charcoal,  and  heat  it  untU  it  has  become  of  a 
farownisb^red  colour.  The  water  and  sulphuric  acid  escape,  and 
the  pvotoxide  of  iron  (Fe  O)  remaining  behind  abscnrbs  one  half 
as  much  i^ain  os.ygen,  and  becomes  converted  into  sesquioxide 
o£  iron  (Fe^  Og).  The  red  colour  of  the  ktter  is  nu^e  clearly 
biEOOght  out  by  rabbing  it  oa  pe^r  with  the  naiL  Lithe  same 
manner,  sesquioxide  of  iron  remains  behind  when  green  vitriol 
is  heat^  in  die  preparation  of  oil  of  vitricd ;  this  forms  an  article 
of  commerce  under  the  name  of  caput  ntortuumy  English  or 
polishing  roug^  and  is  a  £Eivourite  imd  cheap  pigment  for  var^ 
niflh,  and  is  ake  used  m  the  polishing  of  glass  and  metals.  ' 

Sesquioxide  of  iron  occurs  native  in  many  places  of  the  eartih, 
sometimes  crystallised,  as  in  iron^glance;  sometimes  compact^ 
as  in  brown  hematite;  or  radiated^  as  in  red  hematite;  or 
eacdby,  as  in  red  ochre.  It  is  often,  also  mixed  with  clay,  and 
is  &en  called  clat/i  iron-stone.  The  colouring  matter  of  red 
slenea  or  earths  is  owing  to  the  presence  of  sesquioxide  of  ircm. 
Many  of  the  above-named  bodies  form  imm^:ise  beds  in  the  in- 
terior of  the  earth,  and  are  used  as  valuable  ores  (red  iron-stone) 
§03t  the  manu&cture  of  ircm. 

Htperiment  e. — Introduce  some  uron  filings  into  a  tumbler, 
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and  fill  it  with  spring- water;  the  iron  will  gradually  lose  its 
lustre,  and  assume  a  black  colour ;  it  is  converted  into  magnetic 
oxide  of  iron.  Repeat  this  experiment  with  water  that  has 
been  boiled ;  in  this,  the  iron  will  retain  its  metallic  lustre. 
The  cause  of  this  difference  is  owing  to  the  air  and  carbonic 
acid,  which  are  present  in  all  spring->water,  and  slowly  oxidise 
the  iron.  These  gases  are  expelled  by  boiling,  therefore  no 
oxidation  takes  place  in  water  that  has  been  boiled. 

Experiment  /.^— If  you  now  pour  off  the  water,  so  that  the 
iron  comes  in  contact  ,also  with  the  air,  rws^begius  to  form  upon 
it.  The  iron  absorbs  so  much  oxygen  that  it  becomes  a  sesqui- 
oxide ;  it  also  absorbs  a  definite  quantity  of  wcUer  (3  atoms), 
which  may  be  regarded  as  the  cause  of  the  yellow  colour  of 
rust.  Rust  is  therefore  hydrated  sesquioxide  of  iron  (Fe^  O3, 
3  H  O).  If  you  keep  the  iron  moist,  and  stir  it  round  several 
times  every  day,  it  will,  after  a  time,  be  completely  converted 
into  rust. 

This  combination  frequently  occurs  also  in  nature,  and  is 
used  as  an  excellent  iron  ore,  under  the  name  of  brown  iron 
ore.  When  mixed  with  clay  it  is  called  yellow  Hay  iron' 
stoney  yellow  ochre,  &c.  The  yellow  or  brown  colour  which 
we  see  in  so  many  stones  when  they  are  exposed  to  the  air, 
the  yellow  or  brown  colour  of  the  soil,  loam,  or  sand,  always 
proceeds  from  the  hydrated  sesquioxide  of  iron.  The  weather- 
ing of  black  varieties  of  stone  to  a  brown  stratum,  and  finally 
to  a  yellow  soil,  will  now  no  longer  appear  strange;  the 
black  protoxide  of  iron  contained  in  them  is  gradually  oxidised 
into  a  yellow  hydrated  sesquioxide  of  iron. 

Experiment  g, — Put  a  small  quantity  of  the  magnetic  oxide 
of  iron  obtained  by  b,  or  some  iron  filings,  into  a  pHal ;  fill  the 
latter  with  artificial  Seltzer-water,  and  let  it  stand,  well  stopped 
up,  for  one  day.  The  white  flakes  which  deposit  on  the  bot- 
tom of  the  phial  are  carbonate  of  the  protoxide  ofiron^  formed 
from  the  protoxide  of  iron  of  the  iron  cinders,  and  from  the 
carbonic  acid  of  the  Seltzer-water.  The  chemically  combined 
water  in  this  case  communicates  a  white  colour  to  the  black 
protoxide  of  iron.  The  clear  liquid  also  contains  some  of  the 
carbonate  of  iron  in  solution,  as  is  evident  from  the  inky  taste 
peculiar  to  solutions  of  iron.  It  is  then  to  be  poured  into  a 
tumbler,  and  left  for  some  time  exposed  to  the  air.  In  pro- 
portion as  the  free  carbonic  acid  escapes,  the  surfsuse  is  covered 
with  a  delicat;0  white  pellicle,  the  colour  of  which  gradually 
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changes  to  yellow,  then  to  red  and  violet ;  finally,  the  pellicle 
assumes  a  yellowish-brown  colour,  and  falls  as  rust  to  the 
bottom.  Protoxide  of  iron  attracts  oxygen  with  great  avidity ^ 
and  is  converted  into  magnetic  oxide  of  iron,  and  finally  into 
hydrated  sesquioxide  of  iron.  The  salts  of  protoxide  of  iron 
act  also  in  the  same  manner ;  this  is  the  reason  of  their  be- 
coming yellow  by  long  keeping,  or  by  exposure  to  the  air.  A 
very  t£in  pellicle  of  magnetic  oxide  of  iron  gives  a  yellow  re- 
flection ;  a  thicker  pellicle,  a  red  or  brown,  and  a  still  thicker 
one,  a  violet  and  blue  reflection ;  this  explains  the  iridesceot 
changes  of  colour  presenting  such  a  beautiful  appearance  on 
the  surface  of  standing  waters.  In  those  places  where  spring- 
waters  flow  over  stones  containing  iron,  natural  solutions  of 
carbonate  of  iron  (chalybeate  waters)  frequently  occur,  which 
are  likewise  decomposed  by  the  air.  Tins  decomposition  of 
the  carbonate  of  iron  is  the  source  of  the  brown  mud  which  is 
deposited  in  large  quantities  &om  some  waters.  By  the  ac- 
<;umulation  of  this  mud,  large  beds  of  hydrated  sesquioxide  of 
iron  are  formed,  known  under  the  name  of  bog-iron  ore,  and 
£rom  which  iron  is  worked.  This  ore  usually  contains  also 
some  phosphoric  acid. 

The  carbonate  of  protoxide  of  iron  is  found  in  many  coun- 
tries in  the  form  of  a  light  gp^ey  massive  stone,  and  in  such 
large  quantities  that  iron  is  obtained  &om  it.  The  famous 
Styrian  steel  is  principally  prepared  from  this  ore,  which  is 
called  spathic  iron  ore,  or  spherosiderite.  Mixed  with  clay,  it 
very  frequently  occurs  associated  with  common  coal,  and  it  is 
from  this  ore  that  most  of  the  English  iron  is  obtained. 

277.  In  attending  to  the  combinations  which  iron  yields 
vnth  oxygen,  we  have  also  become  acquunted  with  the  most 
important  iron  ores  from  which  iron  is  prepared  on  a  large 
scale.     They  are  the  following : 

Fe  O  +  Fe2  O3,  or  magnetic  iron  ore. 
Fe  O,  C  O2,  or  spathic  iron  (clay  iron-stone,  spherosiderite). 

Fe2  O3,  or  specular  iron  (red  hematite,  iron-glance,  &c.). 

Fe2  O3  +  3  H  O,  or  brown  iron  ore  (yellow  iron-stone, 
yellow  ochre,  &c.). 

Cast'Iron,  Bar-Iron,  and  SteeL 

278.  Working  of  Iron, — In  order  to  extract  metallic  iron 
from  the  ores  just  mentioned,  they  must  be  deprived  of  their 
oxygen.  This  is  generally  done  by  exposing  them  with  char- 
coal to  a  red  heat     As  a  general  rule,  a  mixture  of  several 
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kinds  of  ore  is  used  for  mneltiiig,  because  experience  has  imaght 
that  this  process  is  then  conducted  more  eaisily  and  more  oom- 
pletelj  than  when  only  one  kind  of  iron  ore  is  employed. 
The  ores,  containing  carbonic  acid,  water,  or  sulpluir,  must 
preyiouslj  be  heated  in  appropriate  furnaces  to  expel  these 
volatile  gases  {roasting  of  the  ores).  It  must  also  be  borne 
in  mind  that  the  iron  ores  are  never  pure,  but'  always  contain 
foreign  ingredients  (pangfies) ;  for  instance,  silica,  clay,  lime, 
manganese,  phosphorus,  &c.  Silica  especially  iosctas  a  prin- 
cipal ingredient  in  iron  ores.  This  does  not  melt  even  when 
exposed  to  the  hottest  furnace-fire ;  and  yet  it  must  be  melted, 
that  the  iron  may  flow  from  the  ores,  and  be  obtained  as  a 
coherent  mass.  This  is  effscted  by  the  addition  of  a  base, 
commonly  Hme,  with  which  the  silicic  acid  vnll  combine.  A 
lime-glass  is  formed,  and  if  loam  or  clay  be  present  also  an 
alumina-glass,  both  of  which,  when  combined,  melt  more 
readily  than  each  separately,  and  flow  off  as  dag.  'Hie  sub- 
stance which  forms  this  fusible  compound  is  termed  ih^flux ; 
and  the  combination  of  the  prepared  ore  and  ihe  flux  is  called 
the  mixture.  Alternate  layers  of  this  mixture,  and  of  wood- 
charcoal  or  of  coke  are  now  thrown  into  a  large  furnace, 
called  the  blast-furnace,  constructed  as  shown  in  &e  aanexed 
figure. 

Fig.  140. 


Mouth. 


Sh^,  .,-.,-— .-^.—  K~«ting. 


Bedadng. 
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The  portion  a  of  the  blast-fbniace  is  called  iheiv^q^;  b  is 
the  boshes,  c  is  the  crucible  part,  and  e  n  the  AearM.  Hm 
mouth  of  tlie  finmace  serves  both  ixx  diarging  die  materials, 
and  for  the  escape  of  the  smoke  ;  it  is  thus  both  a  door  and 
a  diimney.  In  the  upper  portion  of  the  shaft  die  mixtwe  is 
heated  to  redness  (it  is  roasted) ;  during  this  prooees  die  car- 
bonic acid  of  the  Hmestone  ako  escapes.  Further  down,  die 
diaveoal  abstracts  from  die  iron  ore  its  oxygen,  and  ewapes 
widi  it  as  caibonic  oxide,  which  at  Ite  opening  is  endi^ 
consumed,  on  access  of  air,  into  carbonic  acid,  and  oocaBJans 
the  bright  flame  which  issues  fitmi  the  top. 

In  the  bo^es,  where  die  greatest  heat  is  eToired,  die  reduced 
iron  melts,  and  fidls  m  drops  upon  the  heardi,  together  with  die 
Eolica,  lime,  and  claj ;  these  form  a  slag,  which  floats  on  die 
naolteB  iron,  and  is  orawn  offf  at  t.  Tlie  meked  iron  is  suffered 
to  %cm  off  from  time  io  tone  by  «  small  opening  made  in  the 
mk-wafl  of  the  heaitlL  After  ha/ring  heated  to  two  hundred 
degrees  or  moro  die  air  neeesssiy  fer  burning  the  charcoal  or 
coke,  it  is  fevced  at  d,  by  means  of  a  large  bdlows  or  odier 
toind  apparatus^  into  the  furnace,  in  which  a  heat  of  perhaps 
2192°  F.  (1^00°  C.)  or  2652°  F.  (1400°  C.)  may  be  produced. 
In  prcmoition  as  die  mdted  iron  and  the  slag  are  removed  from 
beneam,  &e^  charges  of  oto,  &ne,  and  diaicoal  are  introduced 
at  the  top ;  and  in  this  manner  the  smelting  often  continues 
wahAxanspkaikj  lor  fire  or  six  years,  aocor£ng  as  the  famaoe 
h<dds  out 
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(cast-iron). 

Carbonic  oude  and 
Oarbonicacid. 

Silicate  of  lime  and)  oi  ^ 
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The  slag  from  the  blast  furnaces  has  generally  a  green  or . 
bhie  colour,  «wing  to  the  protoxides  of  iron  and  of  manganese 
diasolTed  in  it.   It  is  frequendy  formed  into  square  blocks,  and 
used  for  building-stones. 

279.  Cktei  or  Crude  hron. — The  metal  obtained  by  die  above 
process  is  by  no  means  pure  iron,  but  a  chemical  mixture  of  iron 
and  carbon.  A  himdred-weight  of  iron  takes  up,  at  the  hottest 
white  heat,  from  about  four  to  five  pounds  of  carbon,  and  like- 
wise some  silicon  from  die  silicic  acid,  some  aluminum  from  die 
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day,  and  iometimes  also  a  trace  of  sidphor,  phosphorus,  ar- 
senic, &c.,  when  these  were  contained  in  the  iron  ore.  Cast- 
iron,   thus  ohtamed,  is  characterised  hy  the  following  pro- 


a.)  It  is  fusible  at  a  white  heat  (wrought-iron  and  pure 
iron  are  not)  ;  therefore  it  is  especially  adapted  for  those 
iron  articles  which  are  made  hy  casting.  For  remelting  iron  on 
a  small  scale,  graphite  crucibles  are  made  use  of;  but  on  a 
large  scale  shaft-furnaces  (^Schachtqfen\  or  the  so-called  cu- 
pola-furnaces. 

b.)  Cast-iron  is  brittle,  andean  neither  be  forged  nor  welded 
(bar-iron  and  steel  may  be  bent,  forged,  and  welded).  The  ap- 
plication of  cast-iron  must,  therefore,  be  limited  to  the  manu- 
facture of  such  articles  as  are  not  exposed  to  being  bent,  or  to 
strong  concussions.  Very  recently,  however,  a  method  has  . 
been  discovered  for  imparting  to  cast-iron  a  certain  degree  of 
flexibility,  and  even  of  malleability,  hy  exposmg  it  for  several 
days  with  iron  scales  or  spathose  iron  ore  to  a  red  heat.  The 
term  malkahle  cast-iron  (fonte  mailable)  has  been  given  to 
this  kind  of  iron. 

There  are  two  kinds  of  cast-dron  in  commerce,  known  as 
grey  and  white  iron.  The  grey  iron  is  almost  black,  has  a 
granular  texture,  and  admits  of  being  filed,  bored,  &c. ;  the 
white  iron,  on  the  contrary,  is  of  a  silvery  whiteness,  possesses 
a  lamellar-crystalline  texture,  and  is  so  hard  as  not  to  be  acted 
upon  by  steel  instruments.  Crude  white  iron,  by  remelting  and 
very  slow  cooling,  is  changed  to  grey ;  on  the  other  hand,  the 
grey  is  changed  to  white  iron  by  being  heated  and  suddenly 
cooled.  Grey  iron  is  best  adapted  for  castings;  white  iron  is 
the  most  suitable  for  the  manucicture  of  bar  iron  and  steel. 

280.  Malleable^  Wrought,  or  Bar  Iron. — Cast-iron,  by  heing 
deprived  of  its  carbon,  is  converted  into  malleable  iron^  and  ac- 
quires the  following  very  important  properties : 

a.)  Bar-iron  possesses  great  ductility  and  tenacity y  and  may 
be  hammered  or  rolled  into  sheets,  and  drawn  out  into  fine 
wire,  which  is  not  the  case  with  cast-iron. 

b.)  At  a  less  degree  of  heat  than  that  of  fusion  it  becomei 
soft,  like  wax  or  glass,  so  that  two  glowing  pieces  may  he 
welded  into  one.  Upon  this  property  depends  its  capacity  of 
being  welded,  which  is  possessed  by  no  other  known  metal, 
except  platiniun.     All  the  other  metals  become  fluid  instanta- 
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neoudTv  u  is  the  ctie  with  ice,  witboat  nndergoii^  pnvriooa 
MAening. 

c.)  Wroogbt-HfooL  is  tofficieDdj  loft  lo  be  wodicd  by  steel 
mstniments^  and  it  does  noi  become  hariar  if,  when  heated  to 
ledness,  it  0  suddenly  qnendbed  in  water  (steel  is  thereby  ren- 
dered brittle). 

df.)  Wroi^t-iron  is  distmgubhed,  moreover,  from  cast-iron 
by  its^^ftrow^  tej^urej  composed,  as  it  were,  of  threads  incorpo- 
rated together ;  while  cast-irom  has  the  appearance  of  being  a 
baked  ^anular  mass.  But  it  is  a  very  striking  faet  that 
fibrous  wronght-iron,  by  repeated  jolts  or  blows,  becomes  gra- 
doalty  granular  and  brittle,  as,  for  example,  in  the  axletrees  of 
carriages.  Thus,  also,  in  solid  bodie£^  their  particles  or  atoms 
can  change  their  position  with  regard  to  each  other ^  which  was 
formerly  stmposed  to  be  possible  only  with  liquid  bodies.  By 
tiiorou^y  heating  and  reworking,  the  fiMrmer  slrei^th  and 
flexibiiity,  i»  well  as  the  fibrous  texture,  is  restored  to  uie  iron. 

Wroug^t-iron  is  not  entirely  freed  from  carbon ;  it  contains, 
however,  only  from  a  quarter  to  a  half  pound  df  it  for  each 
hundred-wei^.  Iron  entirely  firee  fr<HB  carbon  is  softer  and 
more  tenacious  than  bar-iron.  Titus  we  see  that  it  is  the  che- 
mical combination  of  the  carbon  wkh  the  iron,  as  in  cast-mm, 
whieh  destroys  these  two  pn^rties  of  softness  and  tenaetty. 

281.  Refinery  of  Irom. — 1.  Finery  Process. — The  method 
which  is  employed  for  separating  carbon  from  the  cast-iron  is 
yeiv  simple.  The  carbon  is  burnt  out  by  heating  the  iron  to 
frision,  and  constantly  stirring  it  while  exposed  to  a  current  of 
air,  the  oxygen  of  which  combines  ^th  the  carbon,  forming 
caibonie  oxidb  gas.  During  the  operation,  a  considerable  por- 
tion of  the  iron  (one  quarter)  is  converted  by  oxidation  into 
iron  cinders,  which  frise  with  the  sand,  that  either  adheres  to 
the  cast-iron,  cur  is  purposely  strewed  upon  the  hearth,  and  form 
with  it  a  heavy  black  slag  of  silicate  of  magnetic  oxide  of  iron. 
The  iron  mass  becomes  gradually  more  tenacious,  since  the  iron 
melts  so  much  the  nuMre  difficultly  the  leas  carbon  it  contains ; 
and  finally,  in  the  form  of  a  loosely  coherent  mass  (the  bloom) 
^is  placed  under  a  loaded  hamnmr,  W  a  few  blows  of  which  l^e 
remaining  slag  is  pressed  out,  and  uie  iron  particles  are  formed 
into  a  compact  mass.  The  latter  is  afterwards  usually  ham- 
mered or  rdled  into  bars  or  bands.  This  method  of  converting 
brittle  cast-iron  into  ductile  and  malleable  iron  is  called  the 
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finery  process.  The  object  of  the  refinery  is,  a£l  had  just  been 
shown,  to  separate  the  carbon  from  the  iron.  The  annexed 
scheme  serves  to  render  the  process  more  inteUigible : 


Cast  Iron 

Air 

Sand 

tnmf 

Ironi 

Oxygen 

Sihca 

Carbon 
OxygMi 

Products 

Wrought  Iron 

Slag 

Fig.  141. 


2.  PuddUng  Process, — ^For 
^e  refining  or  decarbonising  of 
krger  quantities  of  iron,  the 
reverberatory  furnaces  are  used, 
similar  to  those  employed  in 
^  the  preparation  of  soda.  (§  220.) 
As  in  these  furnaces  the  fuel 
does  not  come  in  contact  with 
the  iron  itself,  a  cheaper  fuel 
than  charcoal  may  be  made  use 
of;  for  instance,  coal  or  tur^ 
the  ashes  of  which,  if  mixed 
with  the  iron,  would  certainly 
spoil  it.  These  are  called  pud' 
dling-fumctceSy  because  the  iron 
must  be  kept  constantly  stirred 
(^puddled)  • 

282.  Steel, — Steel  holds  a  middle  place  between  cast  and 
wrought  iron,  both  as  to  the  quantity  of  carbon  it  contains,  and 
other  properties. 

a.)  If  quenched  when  heated  to  redness,  it  is  rendered  hard 
and  brittle  (like  cast-iron) ;  if  cooled  somewhat  more  slowly,  it 
is  rendered  elastic,  and  if 'cooled  very  slowly,  it  is  sofb,  ductile, 
and  malleable  (like  bar-iron). 

b.)  It  is  ]ess  fusible  than  cast-iron,  ^d  more  so  than  bar-iron. 
c.)  It  contains,  in  every  hundred- weight,  from  two  to  two 
and  a  half  pounds  of  carbon. 

To  these  properties  steel  owes  its  importance  as  a  material 
for  thousands  of  articles,  especially  for  cutting  instruments, 
since  it  may  be  made  soft  or  hard,  elastic  or  brittle,  at  pleasure. 
The  article  manufactured  is  usually  first  heated  to  redness,  then 
suddenly  cooled  hj  quenching  it  in  water,  and  afterwards  few- 
peredy  in  order  to  diminish  its  hardness  and  brittleness. 

Experiments — Hold  a  steel  knitting-needle  in  the  flame  of  a 
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spirit-lamp  till  it  is  red-hot,  and  then  quickly  plunge  it  in  cold 
water ;  it  thereby  becomes  so  brittle  as  to  break  on  any  attempt 
to  bend  it.  Again  hold  the  needle  in  the  fire,  and  obaerve  the 
changes  of  colour  which  it  passes  through ;  it  will  first  become 
yellow,  then  orange,  crimson,  violet,  blue,  and  finally  dark-grey. 
The  cause  of  this  change  of  colour  is  the  same  as  that  of  the 
ferruginous  water  (§  276),  namely,  a  film  of  oxide  forms  upon, 
the  steel ;  at  first  the  film  is  thitiy  and  has  a  yellow  appearance, 
but  gradually  it  becomes  thicker  and  also  darker,  as  the  heat 
increases.  The  final  result — the  dark-grey  coating — is  iron 
scales.  On  the  standing  of  the  ferruginous  water  in  the  air, 
the  oxidation  advanced  (§  276)  a  step  further;  in  that  case, 
the  final  result  was  a  brown  substance, — hydrated  sesquioxide 
of  iron.  A  definite  degree  of  hardness  and  elasticity  of  the 
steel  corresponds  to  each  of  these  tints,  the  needle  when 
covered  with  tiie  yellow  film  being  the  hardest  and  most  brittle, 
and  when  presenting  a  blue  aspect  being  in  its  softest  and  most 
elastic  condition.  The  workmen  in  steel  impart  to  their  arti- 
cles various  degrees  of  hardness  and  elasticity  by  tempering ; 
files  and  razors  are  made  very  hard  and  brittie, — saws,  watch- 
springs,  &c.,  soft  and  elastic. 

28<5.  Steel  may  be  prepared  in  various  ways : — 

1.)  By  partly  refining  cast-iron,  so  that  only  one  half  of  the 
carbon  is  burnt  out  {crude  steel) ;  or 

2.)  By  the  process  of  cementation,  which  consists  in  filling 
an  iron  box  with  bar  iron  and  powdered  charcoal,  and  then 
maintaining  the  whole  for  several  days  at  a  red  heat.  The 
carbon  gradually  penetrates  into  the  iron,  thus  converting  it 
into  steel  (blistered  steel). 

Both  these  kinds  of  steel  must  be  rendered  uniform,  either 
by  repeated  hammering  (tilting)  of  it  when  heated  to  redness 
(tilted  steel),  or  by  remelting  (cast  steel).  Steel  may  be  orna* 
mented  by  corroding  its  polished  surface  with  acids,  whereby  a 
variety  of  light  and  dark  coloured  shades  and  impressions  will 
be  produced. 

From  the  constituents  of  bar  and  cast  iron  it  may  be  inferred 
that  steel  can  be  made  by  an  intimate  combination  in  equal 
proportions  of  those  two  substances.  In  this  manner,  indeed, 
the  outer  surface  of  wrought-iron  articles — as,  for  instance, 
of  agricultural  implements,  chains,  &c.^-can  easily  be  converted 
into  steel,  by  being  heated  in  melted  cast-iron.     This  object 
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nMkj  be  attained  more  easily  by  strewing  ferrocyanide  of  potas- 
sium orer  the  red-hot  iron.   (§  292.) 

Iron,  nickel,  and  cobalt,  are  the  only  metab  which  are 
attracted  by  the  magnet.  Magnetism  immediately  vanishes 
firom  bar-iron  when  it  is  removed  from  the  magnet;  while 
steel,  on  the  contrary,  retains  its  magnetic  power,  imd  does  not 
lose  it  until  heated  to  redness  {steel  magnet).  Tlie  magnetic 
oxide  of  iron  is  tikewise  attracted  by  the  magnet,  owing  to  the 
protoiide  contained  in  it,  but  the  sesquioxide  of  kon  is  not  so 
attracted. 

Saks  of  Iron. 

284.  The  protoxide  and  sesquioxide  of  iron  form  salts  wiA 
acids ;  we  have,  accordingly,  two  series  of  iron  salts : — a)  the 
salts  of  the  protoxide  of  iron  are  generally  gre^i,  and  consst 
of  one  atom  of  protoxide  of  iron,  and  one  atom  of  acid;  b) 
the  salts  of  the  sesquioxide  of  iron  are  usually  of  a  yellowish- 
brown  colour,  and  consist  of  one  atom  of  oxide  and  an  atom 
and  a  half  of  add  (or  2  :  3). 

Iron  and  Adds. 
It  has  already  been  mentioned  (§  173)  that  many  metak  dis- 
solve only  in  diluted  acids,  others  only  in  concentrated  acids, 
and  that  the  former  take  the  oxygen  requisite  for  tiieir  oxida- 
tion from  the  water,  whUe  the  latter  take  it  from  the  adds. 
Iron,  together  with  manganese,  zinc,  cobalt^  nickel,  and  tin, 
belongs  to  the  first-named  class  of  metals,  which  are  called 
water-decomposing  or  eledro-posiUve  metals.  The  m^re  cir- 
cumstance, that  in  die  presence  of  an  add  they  are  aUe  to 
abstract  oxygen  from  the  water,  leads  to  the  siq^sition  that 
they  are  more  powerful  chemical  bodies  than  those  metals 
which  cannot  do  this.  This  supposition  is  in  reality  confirmed ; 
the  electro-positive  metals  evmee  a  &3t  greats  2^&nity  &x 
oi^gen,  sulphur,  chlorine,  &c.,  and  their  oxides  a  much  greater 
a$nity  for  the  adds,  than  is  exhibited  by  the  other  metals  and 
their  oxides.  It  may  be  well  in  this  place  to  remind  the  student 
tha|  a  solution  of  a  metal  never  contains  a  metal  as  such,  Wt 
always  a  metallic  salt  in  solutM^n.  (§  160.) 

285.  Green  Vitriol^  or  Sulphate  of  Protoxide  of  Iron 

(FeO,SOt+7J3LO). 
lliis  salt^  which  is  always  formed  wbem  iron  is  dissolved  in 
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diluted  sulphuric  acid,  is  often  called  green  vitriol,  on  acoooat 
of  its  pale-green  eobor.  By  slowly  evaporating  the  solution, 
the  salt  may  eaaly  he  obtained  in  oblioue  rhomboidal  prisms ; 
tJiese  crystals  oontain  xmaoAy  one  half  meir  weight  of  water  of 
erystaUuation. 

Experiment — DisBcdve  100  gnons  of  blue  vitriol  (§  175)  in 
an  ounce  of  water,  and  introduce  into  the  solution  a  piece  of 
pc^hed  iron,  which  has  heen  previoudy  weighed;  the  Uue 
colour  will  giadnalty  dange  to  green,  wmle  the  iron  is  covered 
with  a  red  ooathig  of  ec^iper.  Hie  j^xonger  iron  takes  from 
ihe  copper  its  oxygen  and  snlidinric  acid,  and  combines  with 

both  of  them ;  32  grains  of  me- 
Soluble,  tallic  ooj^per  are  deponted,  while 
fall  28  grains  of  iron  have  berai 
jjjg^^l^lg  diss(^ed ;  hence  as  32  is  the  ato- 
mic weight  of  copper,  and  28  the 
atomic  weight  of  iron,  one  atom  of  copper  is  rej^aced  by  one 
atom  of  iron.  Thk  process  is  caUed  the  reduction  ^  u  metal 
^  du  moist  watf.  The  supernatant  liquor  no  longer  contains 
any  copper  in  solution,  but  only  gveen  ritrbl,  which  may  be 
erystalhsed  by  evaporation.  Tiuis  is  eiq^amed  the  inappro- 
priate name  of  copperas^  very  commonly  a^^lied  to  sulphate 
<^iron, 

Experiment$  vitk  Green  VkrioL 
Experiment  a. — Let  a  eofaitien  of  green  vitriol  stand  for 
some  tmie  m  thQ  air;  it  will  gradually  assume  a  yellowish  co- 
lour, and  a  browniflh-yellow  substance,  hydrated  sesquioxide  of 
iron,  is  deposited.  AU  the  odier  salts  of  protoxide  of  inm  do 
the  same  ;  namdy,  theif  aitrmct  oxygen  from  the  air^  and  are 
g^radually  converted  into  salts  of  sesquioxife  of  mm.  Bat  iim 
add  present  is  not  sufficient  to  dissolve  all  the  oxide,  as  tfaishai 
a  greater  capacity  for  saturation,  that  is,  reqpdres  mcro  add  for 
its  solution  than  the  protoxide  of  iron  does ;  theidEm,  a  portion 
of  the  oxide  formed  falls  to  the  bottom.  For  dke  same  retmm^ 
the  sesquioxide  or  peroxide  always  separates  from  ^protoxide 
salts  of  the  other  metals^  when  they  are  converted  into  higher 
osade  salts.  A  clear  solution  may  be  obtatoed,  far  aiUbig  a 
soffident  quantity  of  add  to  dissolve  the  predpitated  oxide. 

JSxperhnent  h. — Boil  half  an  ounce  of  green  vitridi  wkh  aa 
ovmoe  and  a  half  of  water  and  one  drachm  of  sulphuric  wai^  m  a 
porcelain  basin,  and  add  a  few  Arops  of  nitric  add  to  T 
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until  the  colour  of  it  is  changed  to  yellow;  it  now  .contains 
sulphate  of  sesquioxide  of  iron  in  solution,  which  must  he  kept 
for  use.  The  same  eflfect,  namely,  the  conversion  of  the  prot- 
oxide into  sesquioxide  of  iron,  is  thus  quickly  produced  hy  the 
oxygen  of  the  nitric  acid,  which  in  the  former  experiment  was 
only  slowly  caused  hy  the  action  of  the  air.  Three  atoms  of 
oxygen  are  withdrawn  from  the  nitric  acid,  and,  accordingly, 
nitric  oxide  is  produced  (§  162),  which  has  the  property  of  im- 
parting to  a  solutioQ  of  green  vitriol  a  dark  colour.  On  boiling, 
the  nitric  oxide  escapes,  and  is  converted  in  the  ur  into  nitrous 
acid,  forming  the  yellow  fumes  that  are  ^ven  off  during  the 
oxidation. 

Experiment  c, — ^Prepare  (1.)  *  diluted  solution  of  green 
vitriol,  (2.)  a  mixture  of  one  part  of  a  solution  of  sulphate  of 
sesquioxide  of  iron  and  four  parts  of  water  (see  former  experi- 
ment), and  (3.)  a  mixture  of  the  first  and  second ;  and  then  add 
ammonia  to  each  of  the  three  liquids,  until  they  emit  a  distinct 
ammoniacal  odour.     There  is  formed  in  the 

1.  Solution  of  protoxide  of  iron,  a  greenish  white  precipitate 
of  hydrated  protoxide  of  iron ; 

2.  Solution  of  magnetic  oxide  of  iron,  a  black  precipitate  of 
hydrated  magnetic  oxide  of  iron ; 

3.  Solution  of  sesquioxide  of  iron,  a  yellowish-brown  preci* 
pitate  of  hydrated  sesquioxide  of  iron. 

Ammonia  is  a  stronger  base  than  either  protoxide  or  sesqui- 
oxide of  iron  ;  for  this  reason,  it  abstracts  from  them  their  sul* 
phuric  acid,  and  the  oxides  will  be  precipitated,  since  almost  all 
the  metallic  oxides  are  insoluble  in  water.  If  the  metallic 
oiudes,  at  the  moment  of  their  separation  &om  a  combination, 

meet  with  water,  they  readily 
combine  with  it,  forming  hy^ 
drates.  This  is  the  reason  why 
the  metallic  oxides,  which  are 
obtained  in  the  moist  way,  fre- 
quently have  a  very  different  co- 


Solable. 


Insolable. 


lour  from  those  prepared  in  the  dry  way  (by  heating  to  redness). 

If  you  heat  the  hydrate,  the  water 

^^''^^^-  is  expeUed,  and  the  oxides  ap- 
pear  now  in  their  characteristic 
colour.  This  change  of  colour  is 
well  illustrated  in  the    case  of 

Insoluble,  common    bricks,   which,    before 
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being  burat,  haTe  a  yellow  colour,  owing  to  the  presence  of 
hjdrated  sesquioxide  of  iron ;  when  burnt,  they  are  red,  because 
the  hydrated  water  is  expelled  by  the  heat,  and  thereby  anhy- 
drous sesquioxide  of  iron  is  formed,  which  possesses  a  red 
colour.  If  the  above  precipitates  are  filtered,  a  striking  change 
is  soon  perceptible  in  the  protoxide  of  iron,  its  colour  changing 
first  to  a  dark  green,  then  to  black  (magnetic  oxide  of  iron),  and 
finally  to  brown  (hydrated  sesquioxide  of  iron),  according  to  the 
amount  of  oxygen  absorbed.  As  already  stated,  one  of  l^e  most 
important  properties  of  protoxide  of  iron  is,  that  it  combines 
eagerli/  with  stiU  more  oxygen,  a  property  which,  as  we  have 
seen,  it  communicates  also  to  the  salts  in  which  it  is  contained. 

The  black  precipitate  of  magnetic  oxide  of  iron  comports 
itself  in  the  same  manner.  But  if  you  boil  it  previously  to 
filtration,  it  will  retain  its  black  colour  on  drying. 

Mcperiment  d. — If  you  pour  alcohol  upon  some  bruised 
nutgalls,  the  liquor,  after  a  few  days,  will  have  a  brownish- 
yellow  colour,  and  a  very  astnngent  taste.  This  liquid— called 
tincture  of  galls — contains  in  solution,  besides  several  other 
ingredients,  two  organic  acids,  tannic  add,  or  tannin,  and 
galUc  acid.  Add  some  of  this  tincture  to  a  solution  of  green 
vitriol,  and  some  of  it  likewise  to  a  mixture  of  water  and 
sulphate  ot  sesquioxide  of  iron;  in  the  former,  a  light-coloured 
precipitate  will  be  formed,  which  assumes  at  first  a  violet^  and 
finally  ^  black  colour;  but  in  the  second  liquid  a  black  colour 
is  immediate^  produced ;  and,  on  standing,  a  black  precipitate 
will  be  deposited.  This  black  precipitate  consists  principsdly  of 
(annate  and  gallate  of  the  sesquioxide  of  iron.  By  adding  to 
this  gum  or  sugar,  common  ink  is  prepared,  the  mucilaginoua 
or  saccharine  liquid  thus  obtained  holding  the  gallate  and 
tiannate  of  iron  in  suspension.  The  combination  of  tannin  and 
gallic  acid  with  protoxide  of  iron  is  not  black,  but  it  be- 
comes so  on  exposure  to  the  air,  since  the  protoxide  is  thus 
converted  into  sesquioxide.  This  explains  the  pale  colour  of 
firesh  ink,  and  its  becoming  dark  on  the  paper.  If  you  dip  a 
linen  rag  first  in  tincture  of  galls,  and  then  in  a  solution  of 
iron,  the  black  precipitate  is  formed  in  the  fibre  itself,  and  thus 
adheres  so  firmly  to  it  that  it  cannot  be  washed  out  again.  This 
is  the  general  method  used  for  dyeing  cloth,  leather,  hair,  &c., 
either  black  or  grey,  and  for  this  reason  the  iron  salts,  especially 


264  HEAYT  lOETALS. 

green  vitrid,  have  a  vtary  eztonnve  ai^Hcatton  in  itymng  Mod 
caHco^printmg. 

286.  Nitrate  of  sesqutoxide  of  iron  (Fej  Oj,  3»N  O5)  is  ob* 
taraed  by  adding  iron  filings  to  diluted  acniai&>rla9,  as  long  mm 
ihey  ocm&aue  to  dissolve  in  it  Nitric  acid  fbmii^ies  an  tdnuBb- 
dant  sapplj  of  oxygen  to  the  iron,  and  ths  takes  1^  as  fBoi^ 
oxygen  as  it  can  bind,  and  is  converted  into  a  sesqiiioxide. 
This  solution  is  of  a  brown  colour,  and  is  used  in  dyeing.  If 
sone  aquafortis  is  dropped  upon  catft-iron,  steel,  or  bar-iroti, 
Mack  spots  are  produoeid,  becawee  the  iron,  but  not  the  carben, 
is  dissolved.  These  i^pots  are  daiker  in  cast-iron  and  lighter  in 
bar-iron.  Hence,  to  ascertain  how  muck  carbon  is  contained, 
in  a  sample  of  iron,  you  have  only  to  disedve  a  weighed  quan- 
tity of  it  in  diluted  nitric  add,  and  t^  vreigh  i£e  duuooei 
remaining  behind. 

287.  Acetate  of  eesqmaxide  of  iron  may  be  prepared  direetlj, 
by  dissolving  ^mhly  preciptated  and  st31  moist  hydraled  ses- 
<]pioxide  of  iron  in  acetic  acid.  When  the  shoemaker  pcna 
beer  upon  iron  nails  to  prepare  the  iron-Uadk  with  wlnck  he 
Uackens  his  leather,  he  obtains  acetate  of  sesquioxide  of  irom; 
for,  on  exposure  to  the  air,  the  beer  is  dianged  into  vinegcuv 
and  the  iron  to  sesquioxide.  Leather  is  a  combination  of  the 
skin  vrith  tannin;  when  the  latter  meets  vrith  the  sesquioxide  9i 
iron,  Mack  tannate  of  iitm  (ink)  b  formed.  An  iron  mordant 
is  now  frequently  prepared  for  dyeing  paipoees,  by  dissolnng' 
iron-rust  in  wood-vinegar  (pyrolignite  of  iron). 

288.  Fkotpkateoftkej»rntosMie(fk'onh^pTej^^ 

ing  a  scdution  of  green  vitiiol  with  a  solution. of  phospnate  of 
soda;  Ihe  white  preemitade  produced  becomes  'graduaMy  Mae 
by  attracting  oxygen  Tram  the  air  (phosphate  of  the  magnetic 
oxide  of  iron,  blue  iron-earth),  I^ioyAate  of  ihe  sesqmeMe 
of  iron  is  white,  and  occurs  in  the  ai^ras  of  many  plants. 

Iron  and  Chlorine, 

289.  Pretochhride  if  Iron  (Fe  Q),  a  green  salt^  is  formed 
by  dissolving  iron  in  murialac  acid ; 

Volatfle.   sesquickhride  of  iron  (Fe,  CI3),  a 

brown  salt,  by  dissolving  sesquionde 

^^     of  iron  or  hydrated  sesquiozide  of 

'"'^-  mm  m  mnriatic  aeid,  or^  the  sMi- 
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tn  of  ciiloiiiie  uratsr  to  protoohloride  of  iron.  {^  186.)  Eroto- 
oUoride  of  ircm  is  abo  ^tted  muriate  of  protoxide  of  iron,  md 
wwquiehlorid^  of  iron  ii  often  ealled  mumte  of  seeqnioxide  of 

Iron  and  Cffonogen. 
As  chlorine  combines  with  iron,  so  also  cvanogen  can  form 
combinations  whh  iron.     Two  of  l^em,  Prussian  blue  and 
feBow  prussiate  tf  poiassa^  hav«  acquired  yery  great  impor- 
tance in  the  arts. 

290.  Prmssum  J^€f  or  Ferrocj^nide  ^  Iran 

(SFeCy+2Fe,Cy,). 
If  magnetic  oxide  of  iron  is  agitated  with  prussic  acid,  the 
UftdE  precipitate  becomes  blue.  Tiiis  insoluble  c(»npound  is 
termed  Paris  blue  /  or,  when  it  is  mixed  with  white  substances 
—for  instance,  alumina,  clay,  starch,  &c. — Prussian  or  mineral 
blue.  Its  constitution  may  be  readily  imprinted  on  the  memory 
by  ^-egarding  it  as  prussiate  of  black  oxide  of  iron.  It  condsts, 
la  fiact,  however,  of  protocyanide  and  sesquicvAnide  of  iron, 
^ce  a  haloid  salt  and  water  are  always  formed  when  a  hydro- 
gen acid  combines  with  a  metallic  oxide.  (§  187.)  Both 
modes  of  condderation  harmonise  well  with  each  other,  for 
prusdate  of  protoxide  of  iron  Is  the  same  «s  cyanide  of  iron  + 
^^ater 

FeO  +  H[C7=:T'eCy-f  HO;' 

and  pmsnate  of  sesqvioxide  of  iron  is  the  same  as  sesquicyanide 
of  iron -|- water^ 

Fe,  0,  +  3  H  Cy  =  Fe,  Cy,  +  3  H  0, 

Pnumn  bine,  obl  aoommt  of  its  sj^bnd^  colour,  is  not  onlpr 
an  important  article  for  staining  wood,  paper,  &c.,  but  it  is 
also  one  of  the  principal  pigments  for  dyeing  cloth,  cotton, 
silk,  4&C.  The  colour  tfasus  psepaved  is  calied,  in  dyeing  esta- 
blishments, potassa  blue,  to  distinguish  it  from  indigo  blue. 
Pmawan  blue,  aJb&ough  it  ocmtains  prussic  acid  or  cyanogen,  is 
not  poisoBoni.  i^moKar  ineonsirteDcnes  frequently  ooour  in 
dhjimicnl  comlnnatiQsis.  Sometimes  a  poisonous  ooBabinatkm 
ic  formed  from  innocuous  bodies ;  and  sometimes  a  hftrmless 
eoaapomid  from  pdsonoiui  constituents.  Accordingly,  a  correct 
inforeBoe  cannot  always  be  drawn  as  to  the  mecUciii  eSedB  of  a 
componnd  merdy  from  its  constitoents. 
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Experiment, — Mix  thoroughly  together  one  dradim  of  Pari3 
blue  (pure  Prussian  blue)  and  a  quarter  of  a  drachm  of  oxalic 
acidy  with  some  water ;  the  colour  insoluble  in  water  is  ren- 
dered soluble  by  the  oxalic  acid,  and  a  blue  liquid  is  obtained, 
which,  if  thickened  with  gum  Arabic,  may  be  used  as  a  blue 
ink. 

Experiment, — If  you  heat  some  Prussian  blue  upon  char- 
coal before  the  blow-pipe,  an  empyreumatic  odour  is  produced; 
the  cyanogen  is  consumed  (Cj  N  is  concerted  by  the  oxygen  of 
the  air  into  2  C  Os  and  N),  and  you  finally  obtain  only  a 
brownish-red  residue  of  sesquioxide  of  iron.  Most  of  the  cyan- 
ogen compounds  are  decomposed  in  a  similar  manner,  by  being 
heated  to  redness. 

291.  Ferrocyanide  of  Potassium^  or  Prussiate  of  Potassa 

(2KCy,  FeCy+3HO). 
Experiment, — Heat  to  boiling  an  ounce  of  finely  pulverised 
Prussian  blue  with  three  ounces  of  water,  and  as  it  boils  add 
CTadually  caustic  potassa,  until  the  blue  colour  of  the  mixture 
disappears.  You  obtain  a  turbid,  brownish-yellow  liquid,  which 
you  render  clear  by  filtration.  What  remains  upon  the  filter  is 
Fig.  142.  hydrated  sesquioxide  of  iron,  which  is  sepa- 

. yy  rated  by  the  stronger  potassa  from   the 

// -/y)  Prussian  blue.     Tabular  crystals  are  depo- 

//  //    sited,  on  cooling,  from  the  clear  yellowish 

^ //       liquid;  they  are  commonly  called  yellow 

^  prussiate  of  potassa,  but  in  chemical  lan- 

^'Sk'^  ferrocyanide  of  potassium.    This  double  salt  is  formed 
as  follows : 

Pnusian  blue:  iron  with  more  cyanogen  -f-  iron  with  less  cyanogen, 
Potassa :  ozjgen  and  potassinm, 

Water:  water, 


Product.;         hyar.Wsesqmaxiderfme{<=y^^f^Sf«^^  + 

(Insolnble.)  (Soluble.) 

The  potassium  of  the  potassa,  as  we  see,  replaces  the  iroa  in 
the  sesquicyanide  of  iron,  forming  cyanide  of  potassium,  which 
forms  a  double  salt  with  the  remaining  undecomposed  proto^ 
cyanide  of  iron.  The  oxygen  of  the  potassa  passes  to  the 
liberated  iron,  and  converts  it  into  sesquioxide  of  iron.  Ac- 
cordingly, we  have  in  the  yellow  salt  potassium  and  iron  both 
combined  with  cyanogen.     As  water  is  present,  the  cyanide  of 
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potassium  maybe  regarded  also  as  prussiate  of  potassa,  asid  the 
protocyanide  of  iron  as  the  prussiate  of  protoxide  of  iron,  and 
the  whole  salt  as  a  combination  of  potassa  and  protoxide  of 
iron  with  prussic  acid.  Such  being  we  case,  the  prussic  acid 
may  be  expelled  from  it  by  a  stronger  acid ;  this,  in  fact,  does 
take  place,  for  pruanc  add  is  commonly  prepared  from  this  salt 
by  adding  to  it  sulphuric  or  phosphoric  acid  and  some  water, 
and  then  distilling  the  mixture. 

If  blood  and  potassa  lye  are  boiled  together  and  evaporated 
to  dryness,  and  the  remaining  mass  is  heated  to  redness,  a 
yellow  solution  of  ferrocyanide  of  potassium  is  obtained  by  the 
Imyiation  of  it  with  water.  This  salt,  prussiate  of  potassa, 
must  not  be  confounded  with  cyanide  of  potassium,  a  combina- 
tion consisting  of  potassium  and  cyanogen  alone,  without  iron, 
and  which  is  a  white  salt  and  a  most  d^fy  poison.  The  ferro- 
cyanide of  potassium  (the  use  of  which  term  instead  of  prussiate 
of  potassa  will  prevent  the  liability  of  mistaking  one  compound 
for  the  other)  is  not  poisonous. 

Ferrocyanide  of  potassium  is  prepared  on  a  large  scale  in  a 
manner  sunilar  to  that  above  described.  £lood,  horn,  leather, 
or  other  animal  substances,  are  charred ;  this  is  best  done  by 
dry  distillation,  in  order  to  obtain  ammonia  as  a  secondary  pro- 
duct (§  228) ;  the  charcoal  thus  obtsdned  is  then  mixed  with 
carbonate  of  potassa  and  iron,  and  the  mixture  fused  at  a  red 
heat  in  a  reverberatory  furnace.  In  animal  charcoal  there  is 
still  contained  nitrogen.  This  nitrogen,  when  heated  to  redness 
with  a  strong  base,  unites  with  carbon,  forming  cyanogen.  The 
cyanogen  then  enters  into  combination  with  the  potassium  of  the 
carbonate  of  potassa,  which  is  reduced  by  means  of  the  charcoal, 
forming  cyanide  of  potassium.  By  dissolving  the  fused  mass  in 
water,  a  portion  of  the  salt  gives  up  its  cyanogen  to  the  iron, 
whereby  ferrocyanide  of  potassium  (and  caustic  potassa)  is  formed,^ 
which,  afiber  simcient  evaporation,  crystallises  n:om  the  solution. 
More  recently  the  hydrogen  of  the  air  has  been  successfully  used 
for  the  formation  of  cyanogen,  whereby  animal  substances  have 
become  quite  superfluous  in  the  preparation  of  ferrocyanide  of 
potassium. 

292.  Experiments  witJi  Ferroeycmide  of  Potassium. 
Experiment  a. — By  mixing  a  solution  of  ferrocyanide  of 


268  HEAYT  XBTALS. 

potaotmn  widi  solpbate  of  the  setquioxide  of  iron  a  ieep  Uoe 
precipitate  of  Prosgiaa  Une  is  produced ;  for  £roiii 

rerroeyanide  of  potassimn :  protocyanide  of  iron  •}-  cyanide  of  potasnnm,  and 
Sulphate  of  sesqoiozide  of  iran: imn,  oxygen,  «kL  arfpimtic  acM, 

_„  «-«.a/i  f  p»tocyanide  of  koii  -f-  fiatqnseysrade  of  iiai 
are  ormea  ^^iog^ii^is^^  ^^ adphato of  potaasa  CBoLnbk). 

Experiment  b, — ^Bfix  a  sohxtion  of  fenocjamde  of  potassbiii 
with  a  solution  of  green  vitriol ;  a  %iit  blue  precipitate  iaiormed 
(prussiate  of  the  pfotoxide  of  iron  and  potassa,  or  feRocjaoide 
of  inm  and  potassium).  Set  aside  one  naif  of  the  solotioay  fre- 
(VBontly  stirring  it ;  -die  iigkt  colour  of  ^e  piecspitite  gradaallj 
dbaages  to  a  darker  blue.  This  change  takes  place  more  lapdly 
by  adding  to  the  o<^ier  portion  a  row  drops  cf  iiitric  add,  aai 
heating  the  mixture.  la  both  cases  oxidation  takes  places 
wiiereb  J  a  portion  of  the  protoxide  is  coBverted  into  tiia  oxide, 
so  that  prussiate  cH  the  magnetic  oxide  of  iron  or  £eieocy»> 
nide  of  iron  is  formed.  Both  of  the  methods  here  given  axe  em- 
ployed in  the  preparation  of  Prussian  blue  on  a  large  scale. 
In  dyeing,  the  cloth  is  first  steeped  in  a  solution  of  inm,  and 
then  passed  through  a  sightly  acidified  s<^iation  of  ^en^cyweiAib 
of  potassium. 

Experiment  c. — Add  a  solution  of  ferrocyamde  of  potassiiim 
to  a  veiy  diluted  solution  of  Mue  vitri(^  ;  yon  obtain  a  copper- 
red  predpitate  of  ferroc^nide  of  copper.  The  omper  gives 
up  its  oxygen  and  sulphuric  acid  to  the  potasmm  of  tiie  ferro- 
cyanide  oi  potasnom,  and  snlj^ate  of  potassa  Temains  dissolved 
in  the  liquid.  This  is  ihe  most  accurate  test  isx  detectii^  tiie 
presence  of  copper  in  a  fiquid.  Host  of  the  basic  clemently  like 
copper  in  this  instance,  form  dodble  compounds  with  protoeya- 
nide  of  iron. 

Experiment  d, — Sprinkle  son»  ferrocyanide  of  potassium 
upmi  a  piece  of  red-hot  dbeet-iron,  and  quendi  it  quickly  in  cold 
water ;  the  iron  becomes  so  hard  as  to  resist  the  action  of  tiie 
file,  a  coating  of  steel  having  been  formed  on  its  surfisboe  by  tiie 
carbon  of  the  cjranogen.  This  ample  process  is  espeioalfy 
adapted  for  imparting  to  agricultural  implements  a  gietker  de- 
gree of  hardness  and  durability. 

293.  Red  prussiate  ofpotassay  or  ferricyanide  of  potassium^ 
is  distinguished  from  the  yellow  prussiate  by  containing  sesqui- 
cyanide  instead  of  protocyanide  of  iron.  When  added  to  salts 
cf  the  protoxide  of  iron  it  forms  a  deep  Wue  precipitate  (hut  no 
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pffeei|BMfr  is  prodneed  l^  k  ia  the  aal^  ci  die  setquioxide  of 
iron);  therefore,  it  is  not  emfy  wed  for  prodwang^  a  brae  oofenr, 
but  dso  as  a  reagent  to  distinguish  the  salts  of  die  sesquioxide 
from  those  of  the  protoxide  of  iron. 

Iron  and  Sulphur, 

294.  Experiment — Pratosu^huret  cf  Iron  (Fe  S). — On 
adding  some  sulphuretted  hydrogen  water  to  a  ^ghtly  acidified 
solution  of  green  vitriol,  no  precipitate  is  produced ;  hut  if  hydro- 
snlphuret  of  ammonia  is  added,  a  deep  black  precipitate  is 
formed;  this  precipitate  \a  protosufyfkuret  of  iron, 

295.  Eacperiment,  —  Sesguisulphuret  of  IrotK  —  Twenty 
grains  of  sulphur  and  thirty  grains  of  iron  filings  are  thoroughly 
mixed  and  heated  upon  charcoal  by  the  blow-pipe  fiame  directed 
upon  one  part  of  the  mass ;  this  part  attains  a  red  heat,  which 
rapidly  pervades  the  whole  mass.  The  jellowish-brown  sub- 
stance obtained  is  sesquisulphuret  of  iron.  Another  method  of 
preparing  this  substance,  and  of  applying  it  to  the  evohitum 
of  sulplmretted  hydrogen,  has  been  desenbed.  ^§131.)  This 
combination  also  occurs  native  (magnetic  pyntes).* 

Eapertment — If  you  moisten  protosulphuret  of  iron  with 
water,  and  let  it  remain  exposed  to  the  air  for  some  weeks, 
small  green  crystals  will  be  K>und  disseminated  throughout  the 
mass,  both  the  iron  and  the  sulphur  having  gradually  attracted 
oxygen  from  the  air.     Fe  S  is  uius  converted  into  Fe  O,  S  O3. 

296.  Bisuipburet  of  Iron  (Fe  S2). — Irc«&  combined  with 
twice  as  much  sulphur  as  in  the  protosulphuret  occm:s  native  in 
many  ores,  and  frequently  in  oommon  coal,  and  is  called  iron 
pyrites  or  bisuipburet  of  iron.     It  has  the  appearance  of  brass, 

11^  143.       ^^^  usually  occurs  in  cubic  crystals.     If  heated 
^^^^'       in  a  retort,  half  of  the  sulphur  distils  over,  and  is 
(^^^^^m   ooUeeted,  and   Uadc  protosul{4iuret  of  iron  re<- 
I  ^H   mains  b^nnd ;  accordingly,  sidphur  may  be  pre- 

I  ^^   pared  from  it.     Green  vitriol  is  prepared  uora 

Ais  residue^  by  piling  the  latter  in  heaps,  and 
leaving  it  for  several  months  exposed  to  the  air.  The  green 
vitriol  thus  formed  ia  freed  from  earthy  impurides  by  lixivia- 
tion  and  evaponiticMu 

The  salts  of  iron  may  be  detected  by  thdr  behaviour  before 

*  The  coinpoation  of  magnetlo  prrites  generally  corresponda  to  the  formiUa 
Fe7Si=5FeS-f-Fe»Si. 
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the  blow-pipe,  by  ammonia,  tincture  of  galls,  hydiosalpburet 
of  ammonia,  and  ferrocyanide  of  potassium. 

Systematic  Synopsis  of  the  Compounds  of  Iron. 

Iron, 
Carbttretted  Iron. 


o.)  Wrought-iron  (iron  -|-  ^  per  cent  of  carbon). 
&.  1  Cast-iron  (iron  +  5  per  cent  of  carbon). 
c.)  Sted,  a  miztore  of  both. 

Stdphurett  of  Iron. 
a.)  Protosulphoret  of  iron,  black. 
h.S  Bisnlj^huret  of  iroUj      yellow. 
c.)  Seiqnisnlphnret  of  iron,  brownish-yellow,  a  mixture  of  botL 

Oxtdeaqflron. 
a.)  Protoxide  of  irouj  bUck. 

Hjdrated  protoxide  of  iron,     .  white. 
6.)  Sesquiozide  of  iroUj  reddish-brown* 

Hrdratedsexquioxideofiron,  rellowish-brown. 
c.')  lilagnetic  oxide  of  iron,  olack. 

d.)  Ferric  acid  (lately  discovered). 

SalUoflron. 
a.)  Oxyffen  salts.  • 

Salts  of  the  Protoxide.  Salts  of  the  Seaqoioxide. 

(Green.)  (Brown.) 

Sulphate  of  the  protoxide  of  iron.       Sulphate  of  the  sesquioxide  of  iron. 

Nitrate       "  '«  "  Nitrate       «  «  " 

Carbonate    "  "  " 

Acetate       "  »*  "  Acetote       "  "  " 

Phosphate  "  «  "  Phosphate  «*  "  *' 

b.)  Haloid  salts. 

Protochloride  of  iron.  Sesqnichloride  of  iron. 

Ferrocyanide  of  potassium  (yellow).    Ferricyanide  of  potassium  (red). 

Ferrocyanide  of  copper  (red).  Ferrocyanide  of  iron  (blue). 

MANGANESE  (Mn). 

At  Wt  =  28.  —  Sp.  Qr.^S, 

297.  Black  Oxide  or  Peroadde  of  Manganese  (Mn  Cf,). 

Several  experiments  have  already  been  performed  with  tbis 
mineral,  which  is  chiefly  obtained  from  the  Harz  Momtains 
and  from  Thuringia ;  we  use  it  especially  for  the  preparation 
of  oxygen  and  chlorine.  It  is  one  of  the  few  combinations  of 
oxygen  termed  hyperoxtdes  or  superoxides ;  so  called  because 
they  contain,  as  it  were,  an  excess  of  oxygen,  which  they  give  out 
when  heated  to  redness,  or  when  heated  with  sulphuric  amd*  100 
ounces  of  black  oxide  of  manganese,  which  contain  36  ounces 
of  oxygen  (2  atoms),  yield  at  a  moderate  heat  9  ounces 
(^  atom),  at  an  intense  red  heat  12  ounces  (f  atom),  on  heating 


MAiraAirBss.  271 

with  sulphuric  acid  18  ounces  (1  atom),  of  oxygen.  Therefore 
peroxide  of  manganese  is  excellently  adapted  for  combining 
other  bodies  with  oxygen^  as  was  shown  in  uie  preparation 
of  chlorine,  when  the  oxygen  of  the  peroxide  of  manganese 
oxidised  the  hydrogen  of  the  muriatic  acid,  forming  water,  and 
thereby  liberated  we  chlorine  of  the  muriatic  acid. 

Glass-makers  often  add  peroxide  of  manganese  to  the  fused 
glass,  to  render  the  colour  of  the  black  or  dark-green  bottle-^ 
glass  yellow  or  orange,  a  shade  which  is  generally  preferred. 
In  this  case,  also,  an  oxidation  is  effected  by  the  peroxide  of 
manganese.  The  dark  colour  of  the  glass  is  owing  to  the 
protoxide  of  iron;  this  obtains  oxygen  from  the  peroxide  of 
manganese,  and  becomes  sesquioxide  of  iron,  which  colours  the 
fused  glass  brown  or  yellow.  On  this  account,  black  oxide  of 
manganese  is  called  glass-maJeer^  soap.  If  added  in  small 
proportions  to  white  glass,  it  g^ves  it  a  violet  colour,  and  in  this 
way  artificial  amethysts  are  made. 

Experiment — Mix  into  a  thin  paste  with  water  one-fourth  of 
a  drachm  of  finely  pulverised  peroxide  of  manganese,  one  drachm 
of  litharge,  one  ot  clay,  ana  spread  it  over  a  tile.  Put  the 
latter  between  two  glowing  coals,  or  direct  upon  one  part  of  it 
a  strong  blow-pipe  &me ;  the  mass  melts,  and  forms  on  cooling 
a  brilliant  black  coating,  or,  if  less  manganese  be  used,  a  brown 
coating.  This  is  the  method  by  which  potters  prepare  their 
black  or  brown  glaze. 

298.  Manganese  (Mn). — ^By  intensely  heating  the  peroxide 
of  manganese  with  charcoal,  all  its  oi^een  may  be  expelled, 
and  a  greyish-white  brittle  metal  (^m).  is  obtained,  much 
more  difficult  of  fusion  than  even  iron. 

Other  Combinations  of  Mcmganese, 

299*  Experiment. — ^Mix  in  a  porcelain  crucible  a  quarter  of 

y.^  144.  *"*  ounce  of  peroxide  of  manganese  with 

one-eighth  of  an  ounce  of  sulphuric  acid, 

and  expose  the  mixture  to  a  gentle  heat 

for  fifteen  minutes,  and  then  to  a  strong 

heat  for  an  hour.   After  cooling,  boil  the 

black  mass  in  water,  and  evaporate  the 

solution  to  dryness,  constantly  stirring  it 

when    nearly    dry;    the    reddish-white 

powder  is  sulphate  of  protoxide  of  manganese  (Mn  0,  S  Oa+ 
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4  H  OX  Haif  o£  die  oxjpgen  esc^ed  during^  the  Iiestii^  wad 
protoxide  of  manganie  (Mn  O)  leoMint  be£uid»  whidi,  beiag 
a  nlfe-bas^'  conubinee  wkh  tbe  sulphuric  aodw  Muriate  «f 
proioxide  of  mmnfftmrne^  or  protodlikmde  of  maageArae  (Un 
Cl)^  was  f(»iiied  in  the  same  waj  diaiiig  the  pr^paratLcm  of 
chlorine  (§  130)^  and  zamained  in  the  flask,  having^  dedved  a 
yellow  eelonr  mm  tibe  pvesnoe  oi  chkride  of  iron.  Most  of 
the  salts  ci  die  protonde  of  Qunffaoase  hftTe  a  reddish  colour. 

dOO.  Disscdire  a  portkn  of  Uie  mlpkaie  of  profymde  if 
mangmieu  in  watar^  and  ose  die  sohilion  fior  the  three  feUow- 
mg  experimeata. 

Eoqteriment  a.— -On  esqposnre  to  the  ^  the  section  ao^ures 
a  dark-hrown  colour^  and  after  a  tiaie  deposits  a  powder  of  the 
same  colour,  just  as  occurred  in  the  sohition  of  the  sulphate  of 
protoxide  ci  iron.  The  pntoxnk  ^  wumgams^  attracts  oiygen 
from  the  air,  and  is  converted  into  ]]^Eated  sesquioxioe  of 
manganese,  a  portion  of  which  aepairatea,  sufficient  acid  ooi 
being  present  to  retain  all  the  sesquioxide  in  solution. 

Mxy>€rim€nt  h, — K  some  ammonia  or  potaasa  is  added  to 
another  portion  of  the  sc^utton,  the  stronger  bases  will  take 
possession  of  the  sulj^iurte  aeid^  and  hydreUed  pr&toxide  of 
manganese  (Mn  O  +  H  O)  will  separate  as  a  white  precipitate. 
On  filtering  and  drying,  it  will  become  o(»i¥erted  into  dark- 
brown  hydrate  of  sesqttkiodde  of  manganeat  (Mn^  O3  -|-  3  H  O), 
precisely  as  occurred  with  the  hydrated  sesquioxide  of  iron.  If 
a  piece  of  line%  immecaed  in.  the  solution,  is  dbded,  and  then 
passed  through  a  sdution  oi  potasaa^  the  precipitate  wiU  adhere 
firmly  to  the  fibres  oC  the  doth^  and  will  acqtture,  on  exposure 
to  the  air,  a  fine  dark-brown  cofeiar,  cafled  by  dyera  manganese^ 
brown. 

Eocperiment  c, — Add  some  sulphuretted  hydrogen  to  a  third 
portion  of  the  solution ;  no  change  takes  .pkiee  until  some 
ammonia  is  added,  when  a  fiesh-coiouved  precipitate  is  pro- 
duced, consisting^  of  mcmganese  and  m^hur  (Mn  S).  In  this 
manner,  the  presence  of  manganese  m  a  solu^on  may  be 
ascertained,  for  manganese  b  &e  only  metal  which,  on  com- 
bining with  sulphur,  yields  a  metallic  sulphuret  of  a  pink  colour. 
This  experiment  also  affords  another  example  of  double  elective 
affinity  causing  a  decomposition  which  could  not  be  effected  by 
nmple  elective  affinity. 

301.  Acids  of  Manganese. — Manguoiese  is  eharacterised  by 
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coaiWdBg  with  stiU  B>aR»  o^g»  tim  is  dr,»ij  cantaii.^  in 

the  peroxide. 

JExperiment — Mix  intimatdijtogether  in  a  mortar  one  dzaeiun 
of  peroxide  of  mangaDese  mod  one  drachm  of  caustic  potassa;  put 
die  mixture  in  a  poroebdn  crucible,  and  heat  it  strongly  for 
half  an  hour.  When  cold,  add  some  water  to  the  hlax^  mass; 
you  will  ohtsin  a  green  station,  whidi  becomes  clear  by  settling 
m  a  test-tube.  This  green  colour  is  owing  to  the  formation  of 
a  salt,  which  is  called  manganate  of  potaut^  or  chameleon 
mineraL  By  the  ignition  widi  potassa,  die  peroxide  of  manga- 
nese is  di£^)osed  to  receive  an  additional  «lom  of  oxygen  from 
the  air,  and  Mn  0%  is  couTerted  into  Mb  O^  which  latter  ooca- 
pound  comports  itself  as  an  aeid;  that  k,  it  combines  witli  tte 
base  present,  f<»xmng  a  salt  (K  O,  JMba  Og) . 

Experimeni. — Pour  half  of  the  green  Bolutkm  into  a  wine- 
glass, dilute  it  with  water,  and  teave  it  in  repose ;  the  green 
oolom:  socna  begins  to  chai^,  pasong  through  boitle-^;ieen  and 
violet  to  a  crimson  red,  a  brown  powder  (peroxide  of  manganese) 
being  at  the  same  time  deposited.  This  apparently  spon- 
taneous change  is  occasioned  by  the  carbonic  acid  of  the  air, 
which  combines  with  a  portion  of  the  potassa  and  expels  the 
manganic  acid.  The  manganic  acid  (Ma  O,),  however,  on 
being  deprived  of  its  base,  immediatdy  separates  into  two 
parts,  one  of  which  contains  less  oxygen  (peroxide  of  manga- 
nese, Mn  Os),  and  the  other  more  oxygen  (permanganic  aod, 
MnjOy);  3  Mn  O,  is  converted  into  Mn  O,  and  Mn,  O7.  The 
red  colour  belongs  to  the  permangamc  acid,  which  remains  in 
solution,  combined  with  a  portion  of  ike  potassa. 

Experiment — Add  some  drops  of  sulphuric  acid  to  another 
portion  of  the  fi^een  solution,  when  the  change  of  colour  from 
green  to  red,  tibat  is,  the  conversion  of  manganate  into  per- 
manganate of  potassa,  will  take  place  instantaneously. 

The  most  remarkable  charactenstio  of  these  acids  is  the 
facQUy  with  which  they  part  with  that  portion  of  their  oxygen 
which  stamps  them  as  adds.  Even  a  piece  of  wood,  paper, 
or  any  other  organic  substance  thrown  into  the  green  <xt  red 
solutions,  decomposes  them  and  removes  their  colom*,  and  for 
this  reason  they  should  never  be  filtered  through  paper.  From 
its  singular  changes  of  colour,  manganate  of  potassa  has  re- 
ceived the  name  of  mineral  chameleon. 
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302.  Manganese  forms  with  oxygen  alone  a  great  variety  of 
combinations. 


28  lbs.  of  manganese 

or  1  at  Aui 
28  lbs.  of  maneanese 

or  1  at.  Am 
28  lbs.  of  maneanese 

or  1  at.  Mn 
28  lbs.  of  maneanese 

or  1  at.  Mn. 
28  lbs.  of  manganese 

of  1  at.  iluL 


form  with 


form  with 

form  with 
((      (t 

form  with 

(t         u 

form  with 


Protoxide  ef  manga- 
nese, a  MnO 
Sesqniozide  of  man. 
ganese,  =  Mnj  0$ 
Peroxide  of  manga- 
nese, SB  MnQt 
Manganic  acid, 
-MnO, 
Permanganic  add,' 
=  Mn,0/ 


8  lbs.  of  oxygen 

latO 
12  lbs.  of  oxygen 

HatO 
16  lbs.  of  oxygen 

2at.O 
24  lbs.  of  oxjgen 

8at.O 
28  lbs.  of  oxygen 

d^atO 

It  is,  moreoyer,  hereby  rendered  very  obvious,  that  it  is  the 
quantity  of  the  oxygen  which  makes  one  and  the  same  element 
sometimes  a  base,  sometimes  an  acid.  Some  idea  may  be  formed 
of  the  great  army  of  salts  which  manganese  alone,  in  virtue  of 
this  double  character,  can  call  into  the  field,  when  we  reflect 
that  it  not  only  combines  with  all  the  acids,  forming  protoxides 
and  sesquioxides,  but  also  with  all  the  bases,  forming  manga- 
nates  and  permanganates. 

COBALT  (Co)  AND  NICKEL  (Ni). 
At.  Wt  =  80.— Sp,  Gr.  =  8.5.    At.  Wt.  =  30.-Sp.  Gr.  *=  9. 

303.  During  the  Middle  Ages,  when  the  miner  held  inter- 
course with  earth-spirits  and  goblins  in  the  solitary  depths  of 
his  mines,  ores  were  occasionally  found,  particularly  in  the 
mines  of  Schneeberg,  in  Saxony,  resembling  in  brilliancy  imd 
weight  the  finest  silver  ores,  which,  however,  yielded  in  the 
smelting  furnaces  no  silver,  but  crumbled  away  to  a  grey  ash,  a 
disagreeable  odour  of  garlic  being  at  the  same  time  emitted. 
In  accordance  with  the  superstitious  notions  of  those  times,  tiie 
miner  attributed  the  disappearance  of  the  supposed  silver  to 
the  malicious  jests  of  the  earth-spirits,  and  contemptuously 
rejected  these  ores,  which  he  baptised  by  the  names, — cobalt 
and  nickel.  But  now  they  are  held  in  high  estimation,  cobalt 
being  used  for  imparting  a  beautiliil  blue  colour  to  glass  and 
porcelain,  and  nickel  for  giving  to  brass  the  appearance  of 
silver.  As  these  metals  are  melted  only  with  gre&t  difficulty, 
the  heat  of  the  old  furnaces  was  not  sufficient  to  fuse  them. 
The  odour  of  garlic  was  occasioned  by  the  arsenic,  whidi  always 
accompanies  the  ores  of  cobalt  and  nickel. 

304.  Smalt,  Azure,  or  Cobalt-blue. — The  ores  (white  cobalt. 
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cobalt  pyrites,  cobalt  glance,  &c.),  containing  arsenical  cobalt 
and  nickel,  are  now  worked  in  the  following  manner.  The 
stamped  ores  are  first  roasted  in  a  reverberatory  furnace,  to 
expel  any  arsenic  that  may  be  present,  and  to  convert  the 
cobalt  into  oxide  of  cobalt;  then  it  is  mixed  with  sand  and 
carbonate  of  potash,  and  the  mixture  fused  in  clay  crucibles. 
Thus  a  glass  is  produced,  in  which  the  oxide  of  cobalt  dissolves, 
imparting  to  it  a  deep  blue  colour ;  but  the  arsenical  nickel, 
together  with  any  silver  and  bismuth  present,  collects  at  the 
bottom  of  the  crucible  as  a  fused  metallic  lump  (spetss).  The 
melted  blue  glass  is  rendered  brittle  and  friable  by  pouring  it 
into  cold  water,  after  which  it  is  ground  to  an  impalpable 
.powder,  and  elutriated.  It  is  much  used,  under  the  name  of 
smelt  and  azure,  not  only  as  a  vitrifiable  pigment  for  glass, 
porcelain,  and  pottery,  but  for  colouring  paper,  and  also  in 
washing,  for  giving  a  blue  tint  to  linen  and  muslin. 

305.  White  Copper^  or  Crerman  Stiver. — The  speiss,  which 
remains  after  the  fusion  of  the  cobalt  ore,  is  now  generally 
used  in  the  preparation  of  German  stiver.  The  arsenic  is  first 
expelled,  the  bismuth  and  silver  are  then  removed,  and  the 
nickel  is  then  melted  with  from  four  to  five  times  as  much  brass 
(copper  and  zinc),  whereby  a  metallic  mixture  (an  alloy)  of  a 
silvery-white  colour,  beautiful  brilliancy,  and  great  malleability, 
is  obtained.  This  alloy  is  extensively  used,  as  a  substitute  for 
silver,  in  the  manufacture  of  a  great  variety  of  articles,  not  only 
of  convenience,  but  of  luxury. 

306.  As  pure  metals,  cobalt  and  nickel  have  a  great  simi- 
larity to  iron,  both  in  their  external  appearance  and  in  their 
combinations  ;  but  they  are  nobler  metals,  that  is,  they  do  not 
attract  oxygen  with  such  avidity,  and  they  do  not  rust  so  readily 
83  iron.  The  three  metals,  iron,  cobalt,  and  nickel,  constitute, 
as  has  been  already  mentioned,  the  magnetic  trio ;  they  alone, 
of  all  the  metals,  are  fittracted  by  the  magnet.  It  is,  moreover, 
remarkable,  that  just  these  three  metals  always'  occur  in  me- 
teorites, which  occasionally  fall  to  the  earth,  we  know  not 
whence,  in  a  glowing  state  (meteoric  iron,  meteoric  stones). 

307.  Both  of  these  metals,  like  iron,  form  with  oxygen  a 
protoxide  and  sesquioxide. 

Protoxide  of  cobalt  (Co  0)  is  of  an  olive-green  colour,  and 
its  hydrate  is  pink ;  sesquioxide  of  cobalt  (Co,  Oj)  is  black. 

s2 
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lliese  oxides  are  frequently  employed  in  painting  on  porcelabi 
«nd  glass. 

Protoxide  of  nickel  (Ni  O)  is  of  a  greenish-grey,  and  its 
karate  of  a  beautiful  apple-green  colour;  sesquioxide  of  nickel 
(!Ni,  Os)  is  black.  Chrysoprase,  known  as  an  ornamented  stone, 
is  qaartE,  coloured  g^;«en  li^  protoxide  of  nickd. 

308.  The  scUts  ^tke  protoxide  ofcobaU  are  of  a  pink  colour. 
A  solution  of  the  nitrate  of  the  protoxide  of  cobalt  is  olten 
used  in  blow-pipe  ei^rioients,  espe<naUy  for  the  detection  of 
alumina  (§  262) ;  a  solution  of  protockloride  of  eobcUt  is  em- 
ployed as  a  syn^tbetio  ink,  as  it  possesses  the  property  <^ 
becoming  blue  by  evaporating  the  water,  and  again  pink  on 
absorlnng  water.  Oo^t  forms,  with  phosphoric  and  msemous 
acids,  red  insoluble  compounds,  which  are  now  employed  sb 
vitrifiable  pigments  in  glass  and  p(H«elain  painting.  Hie  salts 
of  protoxide  of  rnckel  have  a  fi^t-green  cdour. 

The  salts  of  cobalt  and  nickel,  lik%  those  of  iron,  are  not  pre- 
cipitated by  sulphuretted  hydrogen,  but  they  are  by  hydrosul- 
phuret  of  ammonia,  as  blade  sulphur^  cf  cobalt  and  nickeL 

ZINC  (Zn). 
At.  Wt.  =  »2.— Sp.  Gr.  =  €.8. 

309.  Not  very  long  ago,  zinc  was  hardly  used  except  for 
making  brass  and  pinchbeck;  but  since  the  art  of  rolling  it  out 
into  sheets,  of  forging  it,  and  of  drawing  it  out  into  wire,  has 
been  acquired,  it  is  used  also  for  the  manu£EUsture  of  many 
articles  which  were  formerly  made  of  lead,  copper,  and  iron ; 
for  instance,  for  making  nails,  geometers,  gas-pipes,  gutters, 
and  for  roo&  of  houses,  for  lining  re£ngerators,  &c.,  as  it  is 
harder,  and  yet  lighter  than  lead,  cheaper  than  copper,  and 
less  liable  than  iron  to  be  destroyed  by  air  and  water.  It 
usually  occurs  in  commerce  in  the  form  of  plates,  which  are'  so 
brittle,  that  tbey  may  be  broken  by  the  hammer  into  small 
pieces  ;  the  fresh  fracture  exhibits  a  backlf/*  crystalline  struc- 
tiu'e,  and  a  bluish-white  colour. 

310.  JSxperiments  mth  Zmc, 
Eocperiment  a. — When  polished  zinc  remains  exposed  to  the 

*  '*  Eacldv  Jradare ;  when  the  eleT&tiOQS  are  shaip  or  jagged,  as  in  brd^en 
iron."— DaiMrt  Manual  of  Jdmerahgy. 
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air  for  some  tuae^  it  loses  ito  lostre,  and  is  covered  with  a  grey 
film.  Tins  film  coiUDBts  of  lisc  combiaed  with  a  small  quantity 
(^oxyge%  and  is  aJled  suboxide  oCiinc. 

Ea^eriment  b^ — 1£  a  piece  of  polished  sheet  zinc  be  alternately 
exposed  to  the  action  o£  water  and  of  air,  ii  will  become  gra- 
dually  corered  with  a  white  filmi  it  rusts  like  iraxi»  but  the  rust 
of  ^ne  has  a  white  colomc  In  iron  the  oxi^itiim  proceeds 
rapidly  towards  theint^cur,  but  not  in  zinc,  or  o^f  very  iloiiHy ; 
thereiore  articles  made  of  zinc^  when  exposed  to  die  wind  and 
weather^  las!  much  better  than  those  made  of  iron^  and  fiv^  this 
reason,  also,  iron  artides  are  frequendj  coated  wi^  sue  (gal- 
yanised  ironV  Iren>rust  is  hydrated  sesqnioadde  of  mm,  zinc- 
rust  is  hydrated  oxide  of  zuie»  Zinc  attracts  not  only  oxygen, 
but  also  somecarbooie  acid^firom  the»]^  and  this  may  be  recog- 
nised by  the  eBerreaeence  whidi  follows  when  acm^  add  ia 
drof^ped  upon  the  rusted  ane ;  cooeequ^Ektly,  the  white  film  is 
a  diouble  compound  of  hydrated  oxida  of  imc  with  carbonate 
of  the  aside  of  zine  (basic  eaatbemoie  of  the  kydwated  ecdde  cf 
one). 

Expervment  e^ — Hold  a  piece  of  one  by  means  of  a  pair  of 
tongs  or  pincacs  in  the  akefaol-AanBey  until  it  hisses  if  you  touch 
it  with  a  piece  o£  moist  wood  ;  if  yoi&  now  qpekly  hammer  it 
apoB  a  stone  or  im^^il  previously  heeited,  it  does  noft  loeak,  hut 
^seada  out  Hke  lead  into  a  thia,  coherent  sheet  Zaac  has  the 
SBgolar  property  of  btmgf  dueiiie  beitaetn^  212''  F.  (100^  C.) 
emd  202°  F.  (150P  C),  bid  below  9r  above  ibis  tempexatwte  U 
tf  bnttie^  Ever  siB<%  it  has  beea  known  tiiat  linc  is  tkna 
affscted  by  heat,  it  has  l^een  found  easy  to  overcome  the  c^ffi- 
culties  which  formerly  c|»posed  the  eonversion  of  this  metal 
(which  is  unj^nt  when  cold)  into  sheets  and  wire. 

Eaperiment  d— Zinc,  when  heated  to  about  752° F.  (400^0.), 
meify,  as  may  easily  be  seen  by  holding  a  small  piece  of  it  in  an 
iron  spoon  over  an  alcohol  flame.  In  this  case  a  grey  film  of  sub- 
oxide is  likewise  formed;  but  this  after  a  time  assumes  a  yellow 
colour,  and  is  converted  into  oxide  (Zn  O).  On  cooling,  the 
yellow  c(^our  passes  to  white;  the  oxide  of  zinc  belongs  to  those 
substances  which  present  a  colour  in  the  heat  different  from  the 
colour  at  the  ordinary  temperature. 

Experiment  e, — In  chemical  experiments,  especially  for  the 
evolution  of  hydrogen,  it  is  very  convenient  to  use  zinc  in  the 
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Fig.  145. 


form  of  small  grains  (granu- 
lated). It  is  very  easily  ob- 
tained in  this  state,  by  pouring 
the  melted  metal  tnrough  a 
moistened  broom,  gently  shak- 
ing it  while  it  is  held  oyer  a 
baon  of  water.  In  this  way 
the  other  easily  fusible  metaJs 
also,  such  as  lead,  tin,  bismuth, 
&c.,  may  be  subivided  into 
smaller  parts,  and  with  much 
more  facility  than  by  filing  or 
cutting. 

Eocperiment  f. — At  a  still  stronger  heat,  zinc  evaporates, 
and  burns  at  the  same  time,  with  a  bluish  flame.  In  this  ex- 
periment the  spoon  containing  the  zinc  must  be  placed  on  red- 
hot  coals,  that  it  may  become  hotter  than  by  the  spirit-lamp. 
A  beautiful  appearance  is  presented,  even  on  a  small  scale,  by 
heating  a  piece  of  zinc  upon  charcoal,  before  the  blow-pipe;  the 
metal  is  soon  converted  into  a  loose,  spongy  mass  of  oxide,  and 
diuring  the  combustion,  blue  flames  burst  forth  from  the  oxidised 
coating.  The  oxide  is  not  volatile^  for  if  it  were^  nothing  at  all 
would  remain  behind.  The  flame  is  caused  by  the  burning 
fiimes  of  zinc ;  the  substance  formed  by  the  combustion  is  oxide 
of  zinc.  This  is  called  oxide  prepared  in  the  dry  way^  or 
flowers  of  zinc,  and  it  may  be  freed  from  any  admixture  of 
metallic  particles  by  elutriation.  Zinc  has  only  this  one  degree 
of  oxidation. 

Zinc  and  Acids, 
311.  All  diluted  acids  readily  dissolve  zinc,  with  the  evolu- 
tion of  hydrogen,  and  form  with  the  oxide  produced  salts  of 
zinc.     The  hydrogen  liberated  in  this  way  is  much  purer  than 
that  prepared  with  iron  ;  on  this  account,  zinc  is  generally  era- 

E loved  in  the  preparation  of  hydrogen,  namely,  for  Dobereiner's 
ydrogen-lamp,  balloons,  &c.  If,  as  is  usually  done,  diluted 
sulphuric  acid  is  taken  for  dissolving  the  zinc,  we  obtain  on 
evaporation  the  best  known  of  the  salts  of  zinc,  the  sulphate  of 
the  oxide  of  zinc. 
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812.    White  Vitriol,  or  Sulphate  of  Oxide  of  Zinc 

(Zn  O,  S  Oa  +  7  H  O). 

litis  salt  crystallises  in  colourless,  rhombic  prisms,  which 
contain  nearly  half  their  weight  of  water  of  crystallisation. 
Su^ate  of  tne  oxide  of  zinc,  called  also  white  vitriol,  is  easily 
soliuble  in  water,  and  is  often  employed  as  a  cooling  application, 
Tig,  146.  particularly  in  inflammation  of  the  eyes.  Tolerably 
large  quantities  of  this  salt  may  be  prepared  without 
much  trouble,  by  evaporating  the  waste  liquids  left 
after  generating  hydrogen  from  zinc  and  sulphuric 
acid.  The  black  substance  which  deposits  from  the 
solution  of  zinc  is  for  the  most  part  charcoal,  a  little 
of  which  always  unites  with  anc  on  the  smelting  of 
it  from  its  ores.  As  it  is  not  soluble  in  acids,  it  must 
remain  behind  on  dissolving  the  metaL 

AU  the  salts  of  zinc  are  poisonous,  and  excite, 
when  introduced  into  the  stomach,  violent  vomiting ; 
milk,  white  of  eggs,  and  coffee,  are  employed  as  anti- 
dotes. 


U^ 


Experiments  with  White  Vitriol. 

41.)  Prepare  a  solution  of  white  vitriol,  and  add  to  it  am* 
fnonia  or  potassa,  A  white  precipitate  of  hydrated  oxide  of 
zinc  is  formed,  which  dissolves  again  in  an  excess  of  the 
alkali. 

b,)  Hydrosulphuret  of  ammonia;  here  also  a  white  precipi- 
tate is  produced ;  this  is  sulphuret  of  zinc.  This  behaviour  of 
^nc  is  taken  advantage  of  to  distinguish  and  to  separate  it  from 
other  metals.  Sulphuret  of  adnc  also  occurs  native,  but  then  it 
Las  a  red  or  a  brown  colour,  and  is  called  zinc  blende.  From 
this  ore,  by  roasting,  weathering,  and  lixiviation,  white  vitriol  is 
prepared,  precisely  in  the  same  manner  as  green  vitriol  is  ob- 
tained from  sulphuret  of  iron. 

c.)  Carbonate  of  soda;  carbonate  ofthe  hydrated  oxide  of  zvnc 
is  obtained  likewise  in  the  form  of  a  white  precipitate.  If  this 
is  dried,  after  having  been  previously  washed  with  water,  full 
one  half  of  the  carbonic  acid  passes  off;  when  heated  to  redness, 
all  the  carbonic  acid  escapes  and  the  ooAde  of  zinc  remains 
behind.  The  oxide  thu^  prepared  is  called  oxide  ofzincpre" 
pared  in  the  moist  way. 


280  HEiLTT  UTALS. 

313.  Carbonate  of  anc  eccufs  daa  in  natwe  most  abundaoily, 
in  Silesia,  Westphalia,  and  Belgium ;  it  is  the  most  important 
zinc  ore,  and  metallic  zinc  is  generally  prepared  from  it  in  the 
alM>ye-mentioned  places.     The  Huner  ealb  iMa  me  ctdamwm^ 

^14.  PrepenraHon  cfZiine, — In  order  to  convert  Aecnhnwiift 
into  Baetallie  zmc,  the  caibooic  acid  «id  ozjgeB  mvst  be  coc- 
pelled.  The  first,  is  effected  in  the  same  way  as  nidk  carbomle 
of  fim^  by  calcmatian  in  fomaces,  and  &e  latter  in  tiie  same 
way  2&  with  the  iron  OTes,  by  heatmg  to  redness  wxtk  diarcoal. 
But  tile  process  of  rednctioa  cannot  be  conducted  in  <^>en  ^ir- 
naees,  for  in  th^n  the  reduced  iinc  woidd  erapcrate  nd  bum 
up  in  the  axr^  forming  again  oxide  of  zincr  sothat  frcoL oxide  of 
zine  in  the&maee  we  should  oefy  obtain  CKide  of  xmc  in  the  air. 
It  is  nfther  a  process  of  duUUoAkm  thaa  of  mating  that  we 
meost  undertake.  Clay  cyHadcrs  m  muffles  are  oi^oyed  for 
Y\g.  147.  oondnetmg  tlie  dialilktieii.    Seffesai  of  i^ese 

ase  ranged  in  eircles,  fx  are  piled  one  above 
the  other  in  a  finnaaoe.  The  smcaocd  figure  is 
a  rcpreaottatkoE  of  a  aMifflet.  At  one  end 
of  it  is  a  curved  projection  maiAe  of  clay, 
through  which  the  two  gaseous  substances, 
carbonic  acid  gas  and  yapour  of  zmc,  fbrmea  during  the  heating 
of  die  roasted  ore  wi^h  chareoal,  may  esei^.  The  zhk  eon- 
Sxsimm  Mos^fy  is  tlie  tube,  and  drops,  m  the  metaUie  state,  brti» 
a  vessel  cootannng  water.  This  is  again  la  be  meited  and  oast 
into  sheets.  The  zinc  of  commerce  always  contains  an  adan- 
ture  of  small  quantities  of  iron  and  lead.  If  the  awount  of  lead 
is  more  thiui  one  and  a  hatf  per  cast,  thes  the  aine  reiwuni 
brittie  eviNt  whcm  heated,  aad  eamni  be^  raBed  out  vtHa  dbeetK. 

CADMIUM  (Cd). 

At.  Wt  ^  66.  —^Gr.  =  8.6. 

315.  Cadmium  is  a  rare  metal,  sad  may  be  r^arded  as  the 
twin  brother  of  am^  in  the  ores  of  wludi  it  is  loand  in.  small 
quantities.  It  is  c^efly  distinguished  from  zioe  by  its  malle- 
ability when  cold,  and  b^  being  precipitated  from  its  sckitioat  by 
siidph'uretted  hydrogen  as  ytHew  sulpkurei  of  cadmium.  Am 
ahready  mentioned,  tltts  reagent  gma  no  precipitaAe  wi^  tbe 
saks  of  &nc»  b«tt  tile  latter  is  thrown  down  by  sdphnret  ol  aaa- 
monium,  as  white  sulphur et  of  zinc. 
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nR^  STAAHUM  (9b)> 
At  Wfc  ^  59.— 9p.  Gr.  =  7.2. 
SI  6.  Ttif  n  one  of  the  few  metals  which  were  known  in  the 
most  ancient  times.  It  becomes  flaH  at  a  very  moderate  heat, 
at  446^  F.,  and  in  many  coontries  its  ores  are  found  in  the  sand 
wrtib  which  the  sorfiu^  of  the  soil  is  covered ;  therefore  it  was 
easSy  obtained  and  easier  smelted.  Formerly  it  was  obtained 
principally  firom  the  British  Jslands,  which  were,  therefore, 
csBed  also  Tin  Islands,  and  even  at  the  present  time  they,  toge- 
tber  with  Malaoea  in  the  East  Indies,  furnish  the  purest  tin. 
Itttt  propci'tiea  which  especially  characteroe  tin,  and  render  it  a 
very  YshiaMe  metal,  are  its  beautiful  lustre,  and  its  gremi  soft- 
nesx  and  flezil^ity, — its  i^^t  affinity  for  oxygen,  m  oonee- 
qtience  of  which  it  long  retainsrits  brigntness  in  the  air  and  in 
water, — ^its  easy  fusibility,  which  renders  it  peculiarly  well 
ai&pted  jRnr  castmg,  and  mr  coating  other  metak  {tinning).  It 
has,  incfeec^  lost  nmdi  of  its  earfier  importance  as  a  material  ^ 
making  many  vessels  of  ^miestic  use,  stash  as  diiuies,  cans,  &c., 
smce  such  articles  are  now  handsomely  and  cheaply  manuftc- 
tared  from  ^sss  and  porcehdn.  But  it  is  now  applied  in  tibe 
arts  and  trades  in  a  variety  of  ways  not  fbrmerly  in  use.  In 
tk  older  works  on  chemistiy,  it  is  caBed  JupiUr^  and  has  the 
sjmbd  %» 

317.  EcpgervmenU  with  Tin, 

Eaperinuaii, — Haat  a  piece  o£  tin  iqmb  diarooal  before  the 
blow-pipe ;  it  will  soon  become  covered  wi&  m.  powder,  o£  a 
ygftgw  eofenr  when  hot,  bu4  white  when  edd;  this  is permde 
fjfimy,  a  eomhiDatifltt  of  one  akm  o£  tin  with  two  atoms  ol 
ooTgen  (Sn  0>).  Fl^roxife  of  tia  thus  obtoined  is  imt  solobfe 
in  am^  oMj,  and  ewnot  be  fased  by  the  stccMi^est  heat  It  is 
so  ibut^  m  fomdmr  tiink  it  is  eftee  osed  far  pc&hing  g^ass  and 
metals. 

Tia  also  oseva  native  as  an  inaoUble  oxide^  either  crystallised 
(crystds  ef  tia  cne),  or  scattered  through  various  Idnda  of  rocks 
(tin  stone  of  Saxony  and  Bohemia),  or,  Anally,  as  an  ingre£siit 
of  the  sand  or  debris  of  low  grounds  in  many  countries  (wood- 
tin  in  England).  Oxide  of  tin  is  the  only  ore  from  which  tin  is 
largely  eitf acted ;  its  most  eommon  adnsxtinfcs  are  ir(»  «id 


KBIC. 

Eacperiment. — Place  two  grains  of  tin  and  eight  grains 
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lead  on  charcoal,  and  heat  them  before  the  blow-pipe ;  they  melt 
and  combine  most  intimately  with  each  other ;  an  alloy  of  tin 
and  lead  is  obtained.     If  this  is  heated  to  redness,  the  oxidation 
p.    .  ^  proceeds  so  rapidly,  that  the  mass  takes  on 

'  a  lively  motion,  and  continues  to  glow  even 

*  when  it  is  removed  from  the  fire.  lu  this 
manner  the  'potter  prepares  the  porcelain- 
like glaze  for  earthen  baking-pans,  and  for 
Delfib  ware.  Add  some  powdered  borax 
to  this  mixture  of  oxides  of  lead  and  tin, 
and  form  with  it  a  bead  upon  platinom 
wire;  the  bead  is  not  transparent,  bat, 
owing  to  the  presence  of  the  infusible  per- 
oxide of  tin,  is  opaque,  and  looks  like 
porcelain  (enamel). 

318.  Alloys  of  tin  and  lead  are  generally  used  by  workers  in 
metal,  under  the  name  of  solder,  for  joining  metals  together 
(soft  soldeiing).  Solder  is  to  the  tinman  what  glue  is  to  the 
carpenter.  An  alloy  of  two  parts  of  tin  and  one  part  of  lead  is 
the  most  easily  fusible,  and  is  called  fine  solder.  Another 
alloy,  used  in  the  soldering  of  coarser  articles,  such  as  gutters, 
is  composed  of  two  parts  of  lead  and  one  part  of  tin,  and  is 
called  coarse  solder  ;  it  is  so  thick  that  it  does  not  spread  it£«li^ 
but  must  be  applied  by  smearing.  For  soldering  those  metidlic 
articles  which  are  to  be  subjected  to  a  stronger  neat,  brass,  or 
some  other  alloy  of  difficult  fusibility,  is  miade  use  of  (harei 
solder  or  brazing). 

Some  lead  is  added  even  to  the  tin  of  which  the  tinman 
makes  his  articles,  because  pure  tin  is  somewhat  brittle,  and 
does  not  adapt  itself  well  to  the  moulds.  The  quantity  of  lead 
which  can  be  added  to  tin  is  in  many  countries  regulated  by 
law  (^  to  ^).  Such  an  alloy  is  esWed  proof  tiriy  to  distingubh 
it  £rom  refined  or  grain  tin,  which  is  tin  in  its  greatest  purity. . 
J£  an  acid  be  poured  on  proof  tin,  tiie  tin  only  is  dissolved  ; 
tin  has,  accordingly,  the  power  of  protecting  lead  from  tiie 
attacks  of  acids. 

Tin  and  Muriatic  Acid. 

319.  The  most  important  sdlvent  of  tin  is  muriatic  acid ; 
the  two  most  important  salts  of  tin,  protochloride  and  per* 
chloride  of  tin,  are  prepared  by  means  of  it. 
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Protochloride  of  Tin.-^Expertment, — Place  in  two  porce- 
lain dishes  or  earthenware  pots  some  tinfoil,  and  then  add  some 
muriatic  acid  to  one  of  the  portions.  After  some  hours  pour 
this  a(»d  upon  the  tin  in  the  second  vessel,  and  then  again  into 
the  first  vessel,  repealing  the  process  so  that  the  metal  may 
come  in  contact  for  some  days  alternately  with  the  air  and  the 
muriatic  acid.  Protoxide  of  tin  is  formed  by  the  oxygen  of  the 
air  ;  it  is  dissolved  by  the  acid.  We  thus  obtain  a  solution  of 
the  murtqte  ofprotoa^tde  of  tin,  or  protochloride  of  ttUf  from 
which,  on  evaporation  and  cooling,  colourless  rhomboidal  prisms 
are  deposited.  In  commerce  this  salt  is  called  sali  of  tin.  It 
possesses,  in  common  with  the  salts  of  protoxide  of  iron,  the 
property  of  attracting  with  great  avidity  still  more  oxygen 
from  the  air,  and  changing  into  the  peroxide  salt.  Thus  is 
explained  why  the  salt  of  tin,  which  has  been  for  some  time 
exposed  to  the  air,  no  longer  presents  a  clear,  but  a  milky, 
solution.  To  obtain  a  clear  solution,  muriatic  acid  must  be 
added,  which  combines  with  the  precipitated  protoxide  of  tin. 

320.  Protoxide  of  Tin  (Sn  O). — JSxperiment. — ^Pour  some 
ammonia  upon  a  solution  of  salt  of  tin  ;  the  white  precipitate 
which  is  formed  is  hydrated  protoxide  of  tin.  By  boiling  the 
solution,  the  combination  of  the  protoxide  and  water  is  de- 
stroyed, and  an  anhydrous  protoxide  of  tin  is  formed,  which  has 
a  dark-green  colour,  and  must  be  quickly  washed  with  boiled 
water  and  dried,  as  it  likewise  attracts  more  oxygen  from  the 
air.  If  you  heat  the  dried  protoxide  before  the  blow-pipe,  it 
bums  with  great  briskness,  like  tinder,  forming  peroxide  of 
tin. 

321.  Ferchloride  of  Tin  (Sn  C\i).— Experiment -^  Add 
chlorine  water  to  a  solution  of  salt  of  tin,  until  the  odour  of 
chlorine  is  no  longer  destroyed.  Sn  CI  is  thereby  converted 
Hftto  Sn  CI^  or  perchloride  of  tin.  This  combination  can  also 
be  obtained  by  boiling  a  solution  of  salt  of  tin  in  a  mixture  of 
mtuiatic  acid  and  nitric  acid,  or  by  dissolving  tin  in  aqua  regia. 
The  dyers  call  this  liquid  permuriate  of  tin,  tin  mordant,  or  red 
spirits.  By  the  addition  of  ammonia,  peroxide  of  tin  is  ob- 
tained, which  is  distinguished  from  that  formed  at  §  317  by  its 
dissolving  very  easily  in  acids. 

Protoxide  and  peroxide  of  tin  dissolve  also  in  potassa  lye, 
and  comport  themselves,  like  alumina  (§  260),  as  acids  towi^s 
strong  bases. 
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322.  Saperiment, — J£  a  €ew  itopa  of  a  8(^^00  of  gM  are 
added  to  a  Ytry  dilate  aidtrtioii  of  protodyoride  of  tm,  a  par- 
plenred  precipitate  is  formed  (Imt  not  m  a  8<^iit]0ii  of  per- 
diloride  ci  im)y  wbkh.  k  odled  purpk  of  Casska  or  goid 
puirpley  asid  is  one  of  the  most  importaat  yitrifiaUe  pigsieirti^ 
beeause  it  produces,  wlieii  fbsed  into  glass  or  pocc^atii,  ^le 
most  si^perb  purple-red  colour.  Sdutkm  of  gold  is  a  good 
test  for  tiie  salts  of  the  protoxide  of  tis. 

323.  ExperimemL — Mix  a  decoction  of  Branlwood  witfc 
protockknde  og  pereUonde  of  tin ;  the  jdttowi^red  eoloiiff  of 
the  liquid  is  eoityerted  mto  a  beautiful  crimaon-red.  Simibnr 
advantageous  duudgcs  of  eoknir  are  also  effiseted  W  these  salts 
ia  other  colouring  matleis^  and  on  this  aoeoont  thej  aie  ^mrj 
f^quently  used  as  so-called  anorddntfi  im  dyeiag  and  eahoo- 
pRBting. 

Tin  €md  Niirit  Acid, 

324.  Experiment, — Heat  some  grains  of  tin  witk  nitric  acid 
in  a  test-tube ;  the  tin  is  converted,  under  a  brisk  evolution  of 
yellow  fumes,  into  a  white  powder,  |>ercm£i?  of  tin*  The  nitric 
acid  win,  perhaps,  convert  the  tin  into  an  oxide^  but  it  cctnnat 
combine  with  the  oxide  produced.  The  peroxide  of  tin  thus 
obtained  combines,  indee<^  witL  other  acids,  but  not  so  eomt" 
pletehf  as  that  obtained  according  to  §  32 1;  that  prepared  by 
heating  does  not  at  all  unite  witb  then,  as  has  been  already 
stated.  (§  317.)  Peroxide  of  tin  accordmgly  occurs  in  three, 
isommc  states :  namely^  the  insoluble,,  ijhe  very  easity  soluble^ 
and  the  difficultly  soluble,  in  acids. 

Tin  and  Sulphur. 

325.  ExperimenL — Sulphuretted  hydrogen  water  produces, 
ia  a  soluti<m  of  protochloride  of  tra^  a  reddish-brown  prec^pa— 
ti^  (^  protosulpkuret  if  tin  (So  S),  and  m  a  solation  dP  per- 
chloride  of  tin  a  wUow  precipitate  of  bisufykwret  cf  loa 
(Sn  8f\  It  is  obvious  that  in  the  first  case  Ga»  atom  of 
chlorine  ia  r^keed  by  one  atom  of  sd^dlnr,  and  in  the  lattear 
case  two  atoms  of  chlorine  by  two  atoms  of  siilphur. 

Protosulpkuret  of  Tin  (Sn  S). — Ea^fertMteHt, — Botk  &eae^ 
metallic  sidphurets  may  be  prepared  in  the  dry  way.  Eofveiop 
12  grains  of  flowers  of  sulphur  in  a  pieee  of  tsolc^  wdghing 
24  grains,  then  roll  up  the  packet  so  that  it  ma^  be  intro- 


cbeed  into  a  test-tdbe,  and  heat  it ;  half  of  tbe  scdpbur  bums, 
but  the  other  half,  under  a  lively  glowing,  combines  witli 
the  tin,  forming  a  hrowmsh-black  masi  of  a  metallie  lustre 
(Sn  S).  If  yon  tpmikle  the  tube,  whiie  still  hot,  with  water, 
it  is  rendered  liable,  and  can  ea^y  be  ^parated  from  the 
fused  {KTotoiulphuzet  of  do.  The  weight  of  the  latter  amounts 
to  aeuiy  tkiity  gnins. 

Msu^mret  of  Tvn  (Sn  S,). — Experiment — ^Fuhense  the 
thktj  giaias  of  protosul^mret  of  Ian  thus  obtained,  and  mix 
the  powider  intixnsteiy  with  six  grains  of 
^'  sulplw  and  t^rol^  grains  of  sal  ammoniac; 

put  die  mixture  into  a  thin-bottomed  glass 
£ask  of  an  onnee  a^aci^,  and  heat  it  for  sn 
hour  and  a  half  in  a  siuid-ba^.  You  ob- 
tam  bisnlphvret  of  tin;  but  in  this  case,  as 
a  mass  having  a  golden  kustee,  and  to  which 
the  name  aurum  musivumy  or  mosaic  gold, 
lias  been  given.  It  may  be  used  £or  giving 
a  gold-like  coating  to  wood,  plaster  of  Paris, 
ofaiy,  &c.  (hromztng).  The  sai  ammoniac  is 
£Mmd  again  as  a  suUimate  in  the  upper  por- 
tion of  llie  fla^ ;  it  promotes  the  fermation  of  a  beaudfal  g^old 
colour,  without  itsdf  undergoing  or  procbcing  any.diemicai 
<^ange. 

326.  PrtpareUwn  of  Tin. — Tin  is  prepared  in  smdting- 
liouses,  in  a  very  simjjb  manner,  £m»  tin-stone  (peroxide  of 
tin).  The  fin6ly-9taia^)ed  ore  is  first  rosustod,  by  whidi  process 
tlie  arsenic  is  volatilised  and  the  iron  oxi<&ed.  Tisen  it  is 
washed  or  elutriated  with  water,  whereby  the  lighter  particles 
of  stosie  (the  §amgue)^  and,  to  a  great  extent  also,  the  oxide  of 
irouy  are  washed  away.  Fini^,  it  is  fiised  with  charcoal  in  a 
blast-fiirnace,  and  carbonic  oxide  gas  and  metallic  tin  are 
obtained,  the  latter  of  which  flows  off  bdow.  The  Saxony 
tin  is  usually  cast  in  tliin  dieets,  and  the  English  tin  in  slender 
bars.  Most^f  the  tin  of  commerce  contains  traces  of  arsenic 
and  other  metals.  A  bar  of  tin  emits  a  grating  sound  on  being 
bent,  and  by  repeating  the  operation  several  times  in  succession, 
it  becomes  very  hot ;  the  reason  is,  that  the  tin,  on  hardening, 
assumes  a  crystalline  texture,  and  tSiese  crystalline  particles  are 
displaced  by  the  bending,  and  rub  against  eacli  other.     These 
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crystals  may  be  very  beautifully  produced  upon  tinned-iron 
sheets. 

Experiment. — Heat  a  piece  of  tin-plate  (tinned-iron  plate) 
Fig.  150.  upon  a  tripod,  over  a  spirit-lamp,  till  the  tin 

is  melted ;  then  quench  it  with  water,  that 
the  tin  may  harden  quickly.  The  surf&ce  of 
tiie  plate  lias  a  dull  grey  aspect,  for  it  is  co- 
vered with  a  film  of  oxide  ;  but  the  most  beau- 
tiful crystalline  figures  will  very  soon  appear 
J  upon  it  by  rubbing  it  alternately  with  balls  of 
paper,  one  of  which  is  moistened  with  diluted  aqua  regia,  and 
the  other  with  potassa  lye.  Both  these  liquids  dissolve  the 
coating  of  oxide,  and  lay  bare  the  pure  metallic  tin  surface 
(moire  metaUique). 

327.  Tinning. — Experiment, — The  method  of  coating  cop- 
per or  brass  with  tin  has  already  been  described.  (§  229.) 
This  may  be  done  also  in  the  moist  way,  by  heating  to  t^e 
boiling  point  finely  cut  up  tinfoil,  or  tin  scrapings,  in  a  pot 
with  cream  of  tartar  and  water,  and  then  boiling  for  half  an 
hour  in  this  liquid  some  brightiy-polished  copper  or  brads 
articles  ;  as,  for  instance,  farthings  and  brass  nails.  The  free 
acid  of  the  cream  of  tartar  effects  a  solution  of  some  of  the  tin,  and 
on  longer  boiling  this  tin  will  ag^ain  separate  in  the  metallic 
state  upon  the  more  electro-positive  copper  or  brass,  as  in 
§  284.     In  this  manner  pins  are  tinned  or  whitened. 

Experiment, — Let  some  vinegar  stand  over  night  in  a  vessel 
of  tin-plate^  and  then  test  it  with  a  solution  of  gold ;  the  pur- 
plish colour  which  forms  indicates  that  even  the  weak  vinegar 
can  dissolve  tin.  Tin  is  not,  indeed,  so  poisonous  as  lead  or 
copper,  but  yet  it  is  injurious  to  health ;  therefore,  acid  food 
and  drinks  should  not  be  allowed  to  stand  for  any  length  of 
time  in  tin  or  in  tinned  vessels. 

Spurious  silver-leaf  is  made  of  an  alloy  of  tin  and  zinc, 
which  is  hammered  out  into  extremely  thin  leaves. 

TJBANIUM  (u). 
At  Wt.  =  60.— Sp.  Gr.  =  ? 

328.  Uranium  is  one  of  the  rarer  metals,  and  occurs  in 
combination   with   oxygen  in   a   black  mineral  called  pitch- 
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blende,  found  in  Saxon j.  From  it  is  prepared  the  uranate  of 
ammonia,  a  beautiM  yellow  powder,  known  in  commerce  under 
the  name  of  oxide  of  uranium.  At  a  white  heat  it  is  reduced 
to  black  protoxide,  and  yields  a  very  permanent  black  pigment 
for  painting  on  porcelam.  The  yellowish-green  (may-green) 
glass,  now  so  popular,  likewise  owes  its  colour  to  the  oxide  of 
uranium. 

The  following  metals,  Cerium^  LatUhaniumy  and  Didyrniumy 
are  mentioned  here  only  by  name,  as  chemical  rarities. 

KETEOSPECT  OP  THE  FIBST  GEOUP  OP  HEAVY  METALS. 

1.  The  metals  hitherto  considered  possess  the  property  of 
decomposing  water,  when  they  are  heated  to  redness,  or  in 
the  presence  of  an  acid  (water-decomposing  metals);  therefore 
ddluted  acids  are  employed  for  dissolving  them. 

2.  At  their  lowest  degrees  of  oxidation,  they  are  strong 
bases. 

Z.  None  of  these  metab  are  found  pure  in  nature ;  thev 
most  frequently  occur  as  oxideSy  consequently  combined  with 
oxyaen. 

4.  The  specific  gravity  of  these  metals  is  from  6.6  to  8.8. 

5.  Iron,  manganese,  zinc,  cobalt,  and  nickel,  are  not  preci- 
pitated as  sulphurets  from  their  acid  solutions  by  sulphuretted 
hydrogen,  but  only  by  hydrosulphuret  of  ammonia  (all  the 
other  heavy  metab  are  converted  by  either  of  the  solutions  into 
sulphurets).     This  fsu^  is  made  available  in  analytical  chemis- 

a,  as  an  important  means  of  separating  the  above-named 
^    8ctro-positive)  from  the  other  (electro-negative)  metals. 

SECOND  aBOTTP  OF  HEAVY  METALS. 

LEAD,  PLUMBUM  (Pb). 

At  Wt  =»  104.— Sp.  Gr.  =  11.5. 

329.  Next  to  iron,  lead  is  the  most  widely  diffused  and  the 
cheapest  metal;  it  is,  at  the  same  time,  also  very  useful,  not 
merely  because  we  cast  shot  and  types  from  it,  and  construct 
sulphuric-acid  chambers  of  it,  but  also  on  account  of  the  many 
useful  combinations  which  it  forms  with  oxygen  and  the  acids. 
This  metal  appears  as  an  enemy  to  human  health,  not,  how- 
ever, openly,  but  under  the  mask  of  friendship  ;  for  it  conceals 
its  noxious  effects  behind  a  sweet  taste,  which  is  peculiar  to 
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most  a£  its  oombiaaliOBB.  Tfaeee  efiseti,  moreover,  4o  xMt 
ma  fert  themselves  immedbtoly  wfam  Ae  lead  eaten  the 
syst  ,«n;  it  is  oiten,  ooly  a£tet  de  lapse  of  yearn  that  iJMy 
acpear  (lead  cotte).  it  is,  for  das  reasoo,  daased  aiaoog  tbe 
uow  poisons.  Perhaps,  ako,  tliis  was  tbe  reason  wli j  k  was 
formerly  compared  fnth  the  god  of  time,  and  received  the 
name  of  Saturn,  and  the  sign  1?.  The  external  properties  <^ 
lead,  its  histre,  ibs  easy  fusi^liiy,  its  softness  and  jJiaHhiy,  its 
high  spedfie  gravity,  &c^  are  weH  kaown;  tfaerdFore  we  ^all 
proceed  at  once  to  the  consideration  of  its  internal  or  chemical 
character. 

Mx^erimtmls  with  Lead. 

330.  SaperimenL — Pour  into  one  glass  ^stilled  watec^  into 
another  spring-water,  and  place  in  each  a  piece  of  lead;  tbe 
dbtilled  water  soon  hecoaaes  turbid,  axtd  reacts  basically,  but 
not  so  the  spring-water.  Pure  water  readily  attacks  lead,  and 
converts  it  into  hydrated  oxide  of  lead ;  in  spring-water,  oa  tfaie 
contrary,  there  is  formed  in  time,  by  the  sulphates  almost 
always  present  in  it,  some  in8oli;d>le  sulphate  of  lead,  whidi 
forms  a  firm  coating  upon  the  metallic  lead.  This  explains  the 
harmlessness  of  leaden  pump%  which,  in  many  countries,  are 
very  generally  used  instead  of  wooden  pon^MU 

331.  Experiment — Klead  is  heated  before  the  blow-pipe  in 
the  exterior  flame,  it  melts  at  about  608''  F.  (320°  C),  and  is 
thereby  coated  with  a  grey  film ;  indeed,  it  is  finally  entirely 
converted  into  a  grey  powder.  This  may  be  regarded  ^Jkber  as 
suboxide  of  lead,  or  as  a  mixture  of  oxide  of  lead  with  metdflic 
lead.  By  continued  blowing,  this  grey  <xdonr  is  K^aoged  to 
yellow ;  the  yellow  body  is  protoxide  of  lead  (Pb  O).  At  a 
stronger  heat  the  oxide  melts,  and  solidifies  on  cooling  into  a 
reddish-yellow  mass,  composed  of  brilliant  scales,  the  well- 
known  litharge.  By  directing  upon  it  the  inner  blow-pipe 
flame,  metallic  lead  inH  again  be  obtained.  This  easy  reduciole- 
ness,  which  is  peculiar  to  ahnost  all  salts  of  lead,  together  ^th 
the  incrustation  of  1/eiiMv  MMfe,  dq)omted  upon  the  charwai, 
is  a  obtain  test  fcr  llie  presopee  of  lead. 

Protoxide  of  iead  contains,  for  eveir  104  pounds  ^  lead, 
8  pounds  of  osygea,  or  one  atom  of  lead  and  one  atom  of 
oxygen ;  lead,  consequently,  is  one  of  those  chemically  feeble 
bodies  which  have  a  veiy  high  atomic  wmght,  since  104  pounds 
of  it  is  able  to  aooompudi  only  as  much  as  28  pounds  o(  iron, 
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or  32  pounds  of  zbc.  Protoxide  of  lead  in  the  form  of  litharge 
has  a  very  great  application  in  the  arts  and  trades.  How  1c  ^d- 
glass  (flint-glass),  lead-glaze,  and  sugar  of  lead  are  prepared 
^m  it,  has  already  been  described;  the  manufacturing  chemist 
likewise  prepares  m>m  it  red  lead,  white  lead,  and  other  lead 
colours,  and  lead  salts;  the  apothecary  compounds  insoluble 
soap  (lead  plaster),  by  boiling  it  with  olive-oil;  the  cabinet- 
maker makes  a  varnish  that  dries  rapidly,  by  boiling  it  with 
linseed  oil,  &c.  The  English  litharge  is  esteemed  the  purest ; 
that  of  Saxony  and  Groslar  always  contains  small  quantities  of 
oxides  of  copper  and  iron,  perhaps  also  a  little  silver.  The 
preparation  of  it  on  a  large  scale  will  be  described  under  silver. 
By  mating  Utharge  in  a  Hessian  crucible,  a  brownish-yellow 
transparent  ^ass  is  obtained  on  cooling;  this  consists  of  oxide 
of  lead  combined  with  some  silicic  acid.  The  silicic  acid  came 
from  the  crucible. 

332.  Red  Oxide  of  Lead. — Experi$nent, — Heat  in  a  ladle  one 
drachm  of  litharge  and  a  quarter  of  a  drachm  of  chlorate  of  po- 
tassa  \  the  yellowish  mixture  smoulders  to  a  red  powder,  which 
must  be  well  washed  with  water.  The  same  thing  happens  on 
heaiang  the  litharge  for  a  day,  but  not  to  the  melting  point ;  and 
at  the  same  time  £requently  stirring  it.  In  both  cases  the  litharge 
receives  one-third  more  of  oxygen ;  in  the  former  case  horn  the 
chloric  acid,  in  the  second  case  from  the  air ;  and  is  thereby 
converted  into  Pb|  O4 ;  this  compound  is  called  red  lead,  or 
minium^  and  is  much  used  as  a  scarletpigment. 

333.  Peroxide  of  Lead  (Pb  Ot).—JSxperiment.—I£  you  heat 
some  red  lead  gently  in  nitric  acid  for  a  few  minutes,  it  is  re- 
solved into  an  oxide,  which  dissolves,  and  iato  peroxide  (Pb  O2), 
which  remains  undissolved  as  a  dark-brown  powder.  Lead  is 
one  of  the  few  metals  which  combine  with  oxygen,  forming 
superoxides. 

Lead  and  Acids. 

334.  The  best  solvent  of  lead  is  nitric  add.  Sulphuric, 
phosphoric,  and  muriatic  acids  cannot  dissolve  lead,  because 
they  form  with  it  insoluble,  or  very  difficultly  soluble  salts.  As 
protoxide  of  lead  is  easily  made,  tne  most  advantageous  method 
of  preparing  the  salts  of  lead  is  by  dissolving  the  protoxide  in 
acids,  because  that  portion  of  the  acid  is  thereby  saved  which 
would  otherwise  have  been  required  for  the  conversion  of  the 
lead  into  the  oxide  of  lead. 
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NiinUe  BfJLmd  (Pb  0^  N  (X)  Imi  rireacfcf  been  pnpvol  is 
two  ways.  (§  160.) 

aa5.  Su^ate  of  Lmd  (Pb  O,  S  (H).  (§  173.)--Tbi8  salt 
ia  eanfy  £E>nii«d  W  simj^  or  cboUe  deethre  affinity^  wbei 
solpbune  aeid  or  nilph&te  of  soda  is  added  to  a  sok^ioii  o£  kad. 
Even  in  a  idaiioit  of  lead  mose  than  a  tkoosand  times  dilated, 
a  white  turbidnesS'  is  prodaeed,  since  the  snlpbate  of  lead  is  an 
entiiel J  imokible  salt ;  we  hare,  aeecvdinglj,  in  sidplmric  add, 
a  yery  ddicate  test  fer  salts  of  lead;,  l&s  salt  is  obtained  in 
great  cpantities  in  jMint-works^  as  a  sceoadarj  product  in  the 
preparatioa  of  the  acetate  of  aknniaa  (atea  mardani)  horn 
si^iarofleadaaiakuB.  (§262.) 

336.  CJUifride  of  Ltmd  (Pb,  CI},— BeperimeMt.—Ikiikt  to 
boiling  one  diadini  cf  lithaqg^  wit^  half  aa  ounce  of  monadic 
acid  and  haU^  aa  ounce  of  wai«v  and  decant  the  dear  lifoid 
from  the  sediment  into  a  glass  vessel ;  you  obtaki^  on  eooln^, 
Ivstrooa  white  tciguka  o^rtala  of  ehkmde  of  lead  (hocn-Iead). 
This  sali  ]»  bolt  wry  wfmxmglj  scdnUe  in  water. 

MiqperiminL — If  two  gninaof  lidKi]^  aad  fiflx^i  gcakwof 
sal  amBMBiae  are  fined  together  m  aat  iiOR  spoooy  there  is 
obtained  a.  cwwhiaa^inn  of  a  snuJi  qma^&tj  ai  cUotidte  of  kad, 
with  a  laige  peaporliQn  of  osdde  of  lead^  in.  tiw  fioraa  e#  a 
bnllianty  y^Uow^  hoBiDailed  masa^  whieht  when  tntasated  yieldft  a 
handsoaie  yeBow  powdo-*  ThiffpawdarisnsedbypauiieKsanier 
the  name  of  Cmtid  or  fnmaralyMm.         _ 

337.  Acetate  f  (ksi&i  ^ Lead (FkO,  A  -f  3HOXeo»- 
bined  witk  one-ttvenUt  •€  ito  weight  €^  wat^  of 

^  cryita^iaticiiB,  forma  the  most  impOTtaot  soiuble  salt  of 
^^^  lead,  smg^ar  of  had  (§  198),  whichL  comma^jr  ays* 
talliae^  in  four-sided  prisms^  Obl  ei:pos«»  to  the 
air,  SOBM^  of  its  aeetie'  acid  is  dni!«B  en  by  the  car- 
bonic acid  of  the  air,  and  the  salt  then  yiakb  wi& 
water  a  turbid  aolutiony  bat  which  may  be  rendered 

Bade  Ao^ait  of  Oaeide  of  Lead  n  pepaied  by  digeatiDg;-  a 
soliiticMi  9£  sagac  of  lead  widi  oodde  of  Ind,  whereby  part  of 
the  oxide  cf  lead  is  dissdved.  TUs  eombinalaon  is  Icepl.  in 
the  afxHheeaiiesf  diops  in  a  liquid  femi,  under  the  name  c^ 
sohfitwm  (^  mAoeetatt  of  ieed^  e^.  Gmdard's  eaOraet.  Whor 
mixed  with  spring- water  it  forms  the  i»-caQed  Gmdard  i 
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I  a  mXky  appeanmety  becawe  some  atebonafae  of  kaii 
is  Ibnned  and  separated  bj  tbe  carbmiir  acid  ol  ^  waler. 

338.  TawiraU  of  Oxkk  of  Ltmd.^ExperimemL—Wx.  a 
soinld<A  dF  two  gxains  and  a  luilf  of  ssgar  of  lead  with  a  so- 
latkm  of  ooe  grain  e£  tartaric  acid;  the  yAkijt  pxedpitate 
fiomied  b  coUe^ed  on  a  &Aet^  waabed,  and  dried;  it  is  in- 
8<dable  tartrate  of  lead. 

EaeperimeiXL — TiSk  a  smaU  pbial  one-tiiiid  loll  of  diy  tar- 
Re.  102.  ^^^^^  ^  ^^^  *^^  ^^  k  in  a  sand-ba^  orer 
a  spirit-lamp^  aa  long  as  fumes  continue  to 
esei^.  These  Imtvo  aa  eapjrevmatic  odoivv 
and  bum  inidL  a  blue  iame^  because  iinej 
contain  rnxuh  carfooatc  ooude  gas,  whidk  is 
generated  by  the  earfacnisation  of  dw  taitanc 
acid.  But  the  tartanc  aekl  oootains  so  mnck 
carbooy  that  a  portion  of  it  reaaains  belund, 
intimatehr  mixed  with  the  metallic  lead.  The 
blade  substance  ofataiiied  is  a  pyrtpkotmSf 
which  inflames  spontaneouslj  when  poiured 
out  upon  a  stime,  becanae,  on  account  of  its 
gtent  poeositj',  it  imbibes  oonrgen  eageilj  from  the  aic;  The 
jellow  ffSJFwder  ptoduced  hf  wb  ^nition  is  oxide  of  lead.  If 
the  pmal  is  closed  while  it  is  yet  hot^  this  pyrophorua  wffl 
retain  its  inflammalnliiy  for  several  ^rs* 

JBj^aie  €f  Oaeide  if  Lead. — HajterimeMt. — By  adding 
amoMmia  to  a  soh^on  of  si^;ar  of  lead  as  lonkg  as  a  precipiiate 
forms,  hydrate  of  oaide  of  lead  is  obtained  aa  a  white  pcmdes. 
It  is  converted  by  heatbg  into  ydiow  anhydrous  oxide  of 
lead. 

339.  Carhonate  of  the  Oxide  of  Lead  (Pb  O,  C  Oj). 

Add  to  a  solution  of  sugar  of  lead  a  solution  of  carbcmate  of 
soda»  as  long  aa  a  precipitate  is  Ibnned ;  the  precipitate  is  ear^ 
bonate  of  coide  of  lead.  The  p^pnent  known  under  the  name 
of  toAiie  lead  is  likewise  carbonate  of  lead,  but  mixed  with 
variable  quantitiea  of  hydrated  oxide  of  lead  (basic  carbmiate  of 
lead).     This  is  prepared  on  a  lairge  scale  in  different  ways. 

a.  According  to  ilbQEm§iish  meikedy  litharge  is  mixed  with 
vineg^  to  form  a  paste ;  this  is  thai  spead  upon  a  stone  slab^ 
and  exposed  to  the  fumes  of  burning  coke,  the  carbonic  aeid 
of  iMeh  combJues  with  the  oxide  of  lead.    The  acetic  acid 

t2 
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acts  in  tbis  case  the  part  of  a  mMiator.  Like  the  nitric  oadde 
in  the  sulphuric-acid  chambers,  it  dissolves  the  oxide  of  lead, 
and  then  tenders  it  to  the  carbonic  acid ;  when  it  has  given  up 
the  first  portion,  it  dissolves  a  second,  &o.  It  is  obvious  that 
in  this  way  a  small  quantity  of  acetic  acid  (or  else  of  sugar  of 
lead)  is  sufficient  to  aid  in  converting  gradually  a  large  quan- 
tity of  litharge  into  white  lead. 

b.  By  the  oldest,  the  Dutch  method,  a  large  number  of  jars, 
in  whicn  some  vinegar  has  been  poured,  are  arranged  in  a 
building  upon  a  layer  of  stable-manure  or  tan,  and  roUs*  of 
sheet-lead  are  then  suspended  in  the  jars  above  the  vinegar, 
and  the  whole  covered  with  another  layer  of  stable-manure. 
After  the  lapse  of  several  months,  the  roUs  of  lead  are  found  to 
be  mostly,  if  not  entirely,  converted  into  white  lead.  The 
manure  is  decaying  straw,  tan  is  decaying  wood ;  decay  is  a 
slow  combustion,  or,  what  is  the  same  thing,  a  slow  conver- 
sion of  organic  substances  into  carbonic  acid  and  water.  In 
every  combustion  or  decay,  heat  is  liberated;  this  in  the 
present  case  is  sufficient  to  evaporate  gradually  the  vinegar* 
Accordingly,  oxygen,  aqueous  vapour,  fiimes  of  vinegar,  and 
carbonic  acid,  are  present  in  the  air  of  the  white-lead  chambers. 
If  you  suppose  that  these  substances  combine  with  the  lead  in 
the  succession  just  mentioned,  the  following  order  of  changes 
will  take  place ; — 1.  oxide  of  lead ;  2.  hydrated  oxide  of  lead ; 
3.  acetate  of  oxide  of  lead ;  4.  basic  carbonate  of  oxide  of 
lead.  Thus  there  is  formed  first  oxide  of  lead,  which,  just  as 
in  the  former  process,  is  converted  into  carbonate  of  oxide  of 
lead,  through  the  mediation  of  acetic  acid.  The  finest  kind  of 
white  lead  is  that  of  Krems,  called  on  the  conlinent  of  Europe 
white  ofKremnitz. 

c.  By  the  French  method,  the  white  lead  is  prepared  in  the 
moist  way  by  conducling  carbonic  acid  into  a  solution  of  basic 
acetate  of  lead  (Goulard's  extract).  As  was  seen  above 
(§  337),  a  solution  of  sugar  of  lead  can  dissolve  still  another 
atom  of  oxide  of  lead ;  this  is  precipitated  by  the  carbonic  acid 
as  white  lead,  whereby  neutral  acetate  of  lead  is  once  more 
formed  in  the  liquid,  which  is  again  digested  with  litharge, 
and  afterwards  treated  with  carbonic  acid.  In  this  way  one 
pound  of  sugar  of  lead  may  be  made  gradually  to  dissolve, 
and  again  precipitate  as  white  lead  many  pounds  of  litharge. 
The  white  lead  obtained  by  this  method  has  indeed  a  dazzling 
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white  colour,  but  it  does  not  possess  so  much  body  as  that 
prepared  in  the  English  or  Dutch  manner.  The  cheaper 
Borts  are  obtained  by  mixing  white  lead  with  powdered  scd- 
l^te  of  baryta ;  the  latter  remains  behind  when  white  lead 
ia  dissolved  in  diluted  nitric  acid.  On  heating  white  lead, 
the  carbonic  acid  and  water  are  expelled,  and  the  yellow 
residue  is  oxide  of  lead. 

340.  Lead-  Tree. — Experiment — Dissolve  half  an  ounce  of 
F*    153     ^^^^  ^^  1®*^^  ^°   six  ounces  of  water,  clarify  the 

*  liquid  by  adding  some  drops  of  acetic  acid,  pour  it 
into  a  pnial,  and  then  suspend  in  the  latter  a  zinc 
rod,  by  attaching  it  to  the  cork ;  the  zinc  is  soon 
I  covered  with  a  grey  coating,  from  which  brilliant 
metallic  spangles  will  graduaUy  shoot  forth,  finally 
filling  up  the  interior  of  the  pniaL  They  consist  of 
pure  lead  {the  lead'tree),  After  twenty-four  hours, 
no  trace  of  lead  can  be  found  in  the  solution ;  it  has 
been  replaced  by  the  acetate  of  zinc ;  the  stronger  zinc  has 
idistracted  from  the  weaker  lead  all  its  oxygen  and  acetic  acid. 
By  this  experiment,  not  only  the  difference  in  the  strength  of 
ammty  of  uiese  two  metals  is  clearly  shown,  but  it  beautifully 
illustrates  also  the  stoichiometrical  law  of  chemical  combination 
and  decomposition ;  for  it  is  only  necessary  to  weigh  the  lead 
formed,  and  the  piece  of  zinc  before  and  after  the  experiment, 
to  ascertain  that  the  weight  of  the  precipitated  lead  is  to  the 
loss  of  zinc  as  1294  to  407.  An  atom  of  lead  has  thus  been 
replaced  by  an  atom  of  zinc. 

Lead  and  Sulphur. 

341.  Sulphuret  of  Lead  (Pb  S). — Experiment — Add  some 
scdphnretted  hydrogen  to  a  solution  of  sugar  of  lead  ;  the  deep 
black  precipitate  is  sulphuret  of  lead.  (§  133.)  One  grain  of 
sugar  of  lead  dissolved  in  two  pounds  of  water  shows  itself  in 
thu  manner  by  a  brown  colour ;  so  that  we  have  in  sul- 
phuretted hydrogen  an  exceedingly  delicate  test  for  salts  of 
lead. 

In  this  combination,  namely,  as  sulphuret  of  lead,  we  most 
frequently  find  lead  in  nature,  and  from  it  alone  metallic 
lead  is  obtained  on  a  large  scale.  This  ore  is  called  ^a/eita, 
imd  is  easily  recognised  by  its  greyish-black  colour,  its  shining 
metallic  lustre,  its  cubic  form^  and  its  great  specific  gravity. 
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342.  PreparmtUm  ^Lamd. — Svlpbiir  is  8o  firmly  iffluiliMed 
witk  die  metals  in  tbe  su^iiHsetfly  that  it  is  impossible  to  expel 
it  «s  eaiil J  as  oxygen,  fot  Uttmee,  hj  heating  it  -wi^  diaieoid. 
Tbercfare  a  eii«uito«B  nethod  must  be  adopted— ^mmdj,  fint 
to  eonrert  the  metallic  sulplmret  into  aa  onde  (r(m9img%  aad 
ihsxL  to  expd  the  oxygen  (redua^on).  To  «£feet  thb  the 
galena  is  heated  continuously  with  access  of  air,  ifhereby  boA 
die  lead  and  die  solpfanr  are  coaiinDed  with  oxygoL  The  lead 
if  coDTerted  nito  oude  of  lead,  which  inmams  behind,  and  the 
sulphur  into  sulphurous  acid,  which  escnes;  some  sulphate  of 
lead  is  idso  fora^  at  the  same  time.  The  roasted  galeoa  con- 
nsts,  dier^re,  essentially  of  oxide  of  lead  (together  witk  some 
aoip^te  of  lead) ;  diis  has  now  imly  to  be  hej^ted  withebaieoal 
in  a  rererberatory  or  blaBt-fumaoe,  in  order  to  separate  the 
metallic  lead  {lead-works), 

A  seoond  mode  of  fineeiog  the  lead  from  anlpliar  eonsistB  in 
heating  die  galena  with  a  metal  which  has  a  greater  affinity  for 
"Volphur,  and  i^aoes  die  lead.  Bfrnh.  a  metal  b  iron.  irasL 
and  ralphuret  of  lead  are  miitaally  converted  into  lead  and 
9ul^uret  of  iron.  'Hie  iron  acts  here  just  in  the  same  way  tint 
the  zinc  did  in  the  formation  of  the  Jead-tiee.  One  atom  of 
iron  replaces  one  atom  of  lead ;  dierelbre  28  [»mnds  of  inm 
eaa  separate  or  throw  down  104  pounds  of  metallic  lead. 

343.  Lead  Shot. — Lead  may  be  granulated  by  pourii^  it 
dirough  a  broom  mto  water,  as  desmbed  under  anc.  The 
same  ^nciple  is  ap^ed  in  die  manufacture  t^  sAo^  only  tint 
an  iron  cullender  is  used  instead  of  a  broom,  and  die  dn^  of 
lead  are  let  fall  from  such  a  height  that  they  solidify  before 
reaching  the  water.  For  making  the  largest-sized  shot,  a  tower 
i>f  at  least  150  feet  liigh  is  required.  A  small  quantity  of 
arsenic  is  usually  added  to  die  lead,  to  render  tbe  drops  per- 
fecdy  globular.  As  lead  and  arsenic  are  both  inimical  to 
health,  shot  should  never  be  used  for  washing  out  bottles. 

BISMUTH,  BISMUTHUM  (Bl). 
At.  Wt.  =  2ia— Sp.  Gr.  =  lifiL 

344.  Bismuth  is  a  metal  chiefly  found  in  Saxony,  ft  ^- 
quendy  accompanies  the  cobalt  ores,  and,  as  already  mentioned, 
in  the  smelting  of  this  ore  f<H*  smalt,  it  separates  as  cobalt- 
speisB,  Tiit^el  also  being  generally  present.     The  metal  is  pro- 
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'omatd  homt  dw,  and  abo  itom  die  iiatiY*  on,  hy  a  mny  tifliffe 
process.  It  occurs  both  in  the  ores  and  in  the  spaas  in  a  p«fe 
atatey  nAtm  it  tagha  at  a  temperatore  wUoh  aaed  be  only  two 
and  a  baff  tiOMB  bigher  tbui  tiiat  of  boiiia|^  water;  ooibm- 
qiaendy,  it  is  only  nnrrimrji  to  beat  tbe  ores  nMderately  upon 
aa  iBolbed  phute,  wben  tbe  bisaratb  melts  and  flows  off  belov, 
■bib  Ae  atber  metafai  or  ores,  iogedKr  wkb  die  ^ngwa, 
auniMn  behind  nnaaelted.  This  netbod  <£  wmdaa^  tbe  vetd  is 
ealled  e&gfmtUion.  Bismodi  is  bsittley  has  a  crystalline  lami- 
juited  teaUse,  and  a  nddidi-^rbite  ttdour. 

Eaperifnents  with  JBistnuth. 

345.  JSaperimet»L — Heat  a  peoe  of  bismudi  upon  diarcoal 
before  tbe  biow-pope ;  it  melts  with  the  ejection  of  sparks,  and 
volatilises  at  a  hi^^ber  teaaperatnie  ^ith  brisk  ebullition.  A 
portion  iaftbe  fiunes  condense  on  tbe  cbarooal,  ooating  k  witba. 
yellow  powdor ;  this  is  oxide  of  bismath  (Bi^  Oz%  If  yau 
throw  the  glowing  metallic  bead  into  a  small  paper  box,  it 
divides  into  small  globules,  which,  while  still  glowing,  will  skip 
about  for  some  moments.  An  odour  like  tbat  of  giiitc,  wUeh 
is  fi»quently  endtted  during  tbe  ignition^  proceeds  from  acseoie, 
small  quantities  of  which  occur  in  almost  all  commerciai  bb- 
muth. 

346.  Experiment — Melt  together  in  a  ladle  two  drachms  of 
bismuth,  one  drachm  of  lead,  aud  one  drachm  of  tin.  The  alloy 
formed  has  the  y^  Temai^ble  propeity  of  becoming  com- 
pletely Hquid  when  thrown  into  boiting  watec  Bismuth  melts 
.at  482°  F.  (250°  C),  lead  at  608°  F.  (320°  C),  tin  at  446°  F. 
(230° C);  a«d  yet  tbe  mixture  of  these  tbnee  metals  mdts 
iielow  ^12°  F.  <100^  C.)  By  inereasii^  tbe  ifoantity  of  lead, 
ailoya  may  be  prepared  which  readdly  become  idqmd  at  any 
tempecatttie  desirad  above  212°  F.  (100°  C.)  Tb^are  some- 
times employed  as  safety-plates  ibl  steam-bdlers.  The  beat  «f 
the  steam  inereaaea  with  the  teasioa  of  tbe  steaai  in  tbe  boiler ; 
therefiire  the  alloy  to  be  used  has  only  to  be  so  sheeted  that,  in 
case  of  a  too  great  inenase  <j£  ateam,  tbe  plate  may  be  melted 
by  iibe  beat  of  the  steam  before  an  ^qpbiiton  of  tbe  bofler  itself 
caa  take  plaee.  As  these  alloys,  in  their  melted  atate,  do  mot 
bam  the  wood,  they  aie  also  very  well  adapted  hr  making 
metallic  copies  of  engrayed  wooden  moulds  mr  ealioo-priiitaiig 
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aod  Uock  impressions*     This  alloy  is  called  Ros^i  metal,  after 
the  iDventor. 

347.  Experiment. — ^Bismuth  is  most  easily  dissolved  by 
nitric  acid.  Dissolve  some  bismuth  at  a  moderate  heat  in  ims 
acid,  and  pour  the  solution  into  a  large  quantity  of  water ;  it 
becomes  very  turbid,  and,  after  standing  quietly,  a  white  pre- 
cipitate subsides,  which  contains  only  one-fourth  as  much  nitric 
acid  as  the  salt  which  crystallises  out  from  the  bismulii  solution 

when  you  let  it  cool.     This  powder  is 
subnitrate  of  oxide  of  bismtUh,  and  is 
used  as  a  medicine.     A  small  propor- 
tion of  oxide  of  bismuth,  with  a  large 
proportion  of  nitric  acid,  remidns  dis- 
solved in  the  liquid.     The  annexed 
Basic  salt.  Insoluble.         diagram    denotes    the    decomposition 
hereby  taking  place,  which  is  of  more 
general  interest,  as  showing  that  the  affinities  of  bodies  for 
each  other  may  be  changed  by  greater  or  less  dilution  with 
water. 

The -salts  of  bismuth  may  be  recognised  by  this  behaviour 
with  water.  By  adding  sulphuretted  hydrogen  to  the  solution 
remaining  from  the  former  experiment,  you  obtain  a  brownish 
black  precipitate  of  sulphuret  of  bismuth. 

COPPER,  CUPEUM  (Cu). 
At.  Wt  =  32.— Sp.  Gr.  =  8.8. 

348.  In  ancient  times  copper  was  chiefly  obtained  from  the 
island  of  Cyprus,  where  its  ores  were  found  in  great  abundance ; 
this  explains  the  name,  cuprum.  It  being  afterwards  deemed 
expedient  to  g^ve  mythological  names  to  the  metals,  copper  re- 
ceived the  name  of  Venus,  the  protecting  goddess  of  Cyprus, 
and  the  sign  $ .  Copper  possesses  several  excellent  properties, 
which  have  rendered  it  an  exceedingly  useftd  metal. 

a.)  It  is  ductile,  and  at  liie  same  time  very  strong  and  tena^ 
cious,  so  that  it  may  be  hammered  out  into  plates,  which,  even 
when  very  thin,  still  hold  firmly  together. 

b.)  It  Juses  with  difficulty  (its  point  of  fusion  being  2192^  F. 
(1200°  C.) ;  therefore  it  is  excellently  adapted  for  such  articles 
as  are  to  be  exposed  to  a  great  heat — ^for  instance,  kettles,  pans, 
boilers,  moulds  for  casting,  &c. 
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c.)  When  exposed  to  the  air,  it  suffers  from  rust  much  less 
than  iron ;  for  this  reason,  copper  utensils  are  much  more 
dnrable  than  iron  ones.  Sheet-copper  is  employed  for  sheathing 
ships,  and  for  roofine  towers  and  other  huildings. 

d,)  It  is  tolerably  hard,  and  therefor^  wears  out  but  slowly  on 
use,  as  in  copper  plates  for  eogravings,  and  rollers  of  print- 
works. 

e.)  With  zinc,  tin,  and  nickel,  it  forms  Tery  useful  alhys, 
such  as  brass,  tombac,  bronze,  bell-metal,  cannon-metal,  German 
silver,  &c. 

f,)  It  is  nrecipitated  from  its  solutions  by  the  galvanic 
<nirrent  as  a  firm  coherent  mass ;  on  this  principle,  impressions 
^pf  other  bodies  are  produced  by  the  modem  process  of  electro^ 
ik^taUurgy. 

^  It  yields  with  oxygen  and  several  acids  insoluble  com- 
lunatftons  of  a  beautiful  green  aod  blue  colour,  of  various 
apfJieation  in  painting. 

Although  copper  possesses  no  smell,  yet  it  imparts  to  moist 
hands,  and  to  the  water  which  has  long  lieen  standing  in  vessels 
made  of  it  (as  boilers  or  kettles),  a  peculiarly  disagreeable 
odour. 

Experiments  vnth  Copper, 

349.  In  the  moist  air,  copper  slowly  turns  grey  and  after- 
wards green  (native  mineral-green).  Copper,  like  zmc,  attracts^ 
not  merely  oxygen  and  water,  but  also  carbonic  acid  from  th# 
air;  the  green  coating  is  liie  hydrated  basic  carbonate  <^ 
copper.  In  Siberia  this  combination  occurs  in  large  beds  in 
the  earth,  and  is  then  called  malachite.  The  celebrated  Russian 
copper  is  principally  obtained  from  it;  and  its  beautifully 
mottled  varieties  are,  like  marble,  formed  into  works  of  art, 
and  are  used  for  ornamenting  palaces,  8cc.  This  green  .body, 
on  receiving  still  more  carbonic  acid,  acquires  a  beautiful  blue 
colour,  and  is  converted  into  sesguibastc  carbonate  of  copper^ 
which  likewise  occurs  native  as  a  copper  ore,  under  the  name 
of  blue  carbonate  of  copper.  The  ardnciaDy  prepared  is  called 
mountain  blue,  and  is  employed  as  a  pigment,  particularly  for 
punting  walls,  its  colour  not  being  changed,  like  Prussian  blue, 
by  the  lime  of  the  walls. 

350.  Experiment, — Hold  a  brightly  polished  copper  coin 
-over  the  flame  of  a  spirit-lamp;  the  colour  changes  from  yellow 
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violat,  and  hLaey  aad  SmJBj  ptMoi  ower  to  a  iMik 

anoe  by  iioUiiig  tlw  floin  obliqnefy 
m  the  miiMft  of  the  fasie,  and 
nxmDg^ittoaBd&o;  ki  the  eemlaie 
of  the  flame  the  coating  vainwhw, 
bat  it  instsntaneoHdj  rei^eanBy  as 
soon  as  the  coia  naohai  or  exteads 
bejood  the  external  border  o£  Ibe 
On  speedUj  qaeaching  the  ooui  in  wster,  it  becomes 
hiowaisli-ffed;  thie  red  ooatuog  if  mthuBide  of  copper  (Gas  O). 
S«h  a  eoatin^  k  oftea  iatentjonally  prodiioed  i^p<m  ta^ee 
medals,  as  it  is  less  liable  to  diange  in  the  air  than  thehni«Kt 
iDataUkeopaer(&r«imfi^^Myq^  Suboodde 

of  eoppeiv  wheQ  thrown  into  melting  glaiip  oelouis  it  bhod-^red ; 
in  this  manner  a  beautiful  red  colour  is  flwhed  on  gkss  m  the 
^^aw  fiKstodei.  This  aooonnts,  also,  in*  tl^  red  ookMir  of  the 
slag  whioh  Ibraw  (hucing  the  •ealcinaiaon  and  ftision  of  «oppec. 

§51.  ProtooMe  ^f  Cojjper  (Ca  O).— If  the  copper  ooin  is 
lefb  for  some  time  in  the  point  of  the  flame,  it  acquires  a  Unek 
appearance ;  protoxide  of  copper  is  formed,  which  has  a  black 
colour,  and  contains  as  much  again  oxygen  as  the  red  suboxide. 
If  suddenly  qoenehed,  iht  oxiIb  ftes  off,  and  the  ved  appear- 
aaee  of  the  eoin  she'ws  diat  <lie  eobooade  it  afaopremBthenMilli 
tiie  ^faa  of  the  protoxide.  By  long-«ontiBned  ignition  the 
whole  mam  of  die  coin  may  he  oomvrtod  into  svAoside,  and  by 
still  longer  heating,  eompleteiy,  at  laift,  i^»  protoxide.  Hk 
glowing  dnders,  -miadti  hSL  off  in  the  woilisiiops  of  the  oopptr- 
imith  ^copper  ooales),  oonost  of  a  aixtave  ef  the  soMode 
with  the  protojane* 

Experimettt — Tntnrate  a  smafi  ^puratit^  of  bono:  widi  a 
soide  of  the  black  oxide  of  oopper,  and  nndt  vt  into  a  bead  cm  a 
phtinam  wixe  befoire  ^le  blow-pipe;  the  oxide  of  copper  w^ 
diiioi w  in  the  botmx,  and  iform  a  green  glass.  Onde  m  uippM? 
is  asade  use  of  in  ^ass  aad  porcelain  pssnting.  M  iatiodooed 
into  the  inner  flam,  tint  green  colour  passes  OTer  to  red,  he- 
eanse  the  oxide  is  there  redueed  to  stfbonde  of  copper. 

The  oxides  of  copper  may  also  easily  he  prepared  in  the  h«aid 
way,  bat  l^ey  ha^e  then  a  very  different  ocdcnv. 

8S«.  H^fdrmted  Oxide  of  Copper  (Cn  O,  H  O.y-Etferi- 


I — ^Add  to  «  soioiioii  o£  ik/t  provio^sly  xientkHied  kkie 
vitrioly  or  sul^isto  of  copper,  a  Bolution  of  cviratic  potassa ;  a 
greenish-blue  powder  is  precipitated ;  it  is  hy&rcUed  oxide  of 
copper^  Thm  bhick  oxide  ji^ds,  also,  chemically  oombined 
wxw  ifcater,  a  Uoe  body,  ilized  with  gypsua  this  forms  a 
Ji^it  powder,  the  well^coown  Bremen  blue.  Boil  a  poction  of 
the  lafoid;  the  pzecimtate  will  becoiae  blade,  because  at  the 
boolixig  point  ihe  oombinatioBi  between  the  oxide  <of  copper  ami. 
de  water  is  ^stroyed ; — another  example  of  chemical  decern^ 
po«tiou  occasioned  hj  mere  Ovation  of  tempecature. 

353.  Ammomated  Oxide  (^ Capper^ — JSsperimejU, — ^Repeat 
ihe  forlner  experiment,  but  instead  of  potassa  take  ammonia ; 
hwe  also  the  hydrated  oxide  of  copper  is  first  precipitated,  hut 
tlus  ii  lodisK^ved  by  adiUng  more  ammonia,  forming  a  i^laMlid 
-blue  liquid.  Ammonia  is  therefore  a  test  £or  salts  of  copper. 
Poor  upon  the  li^e  liquid  an  ecpial  quantity  of  strong  alcohol, 
and  di^raet  the  stream  agwnst  the  side  of  the  glass,  so  Ihat  the 
idoohalmay£oat  on  the  surface ;  alter  the  lapse  of  twenty-four 
hoitt% amass  of  dark-bhie  acicular  crystals  is  pere^tible,  whidi 
consist  of  a  combination  of  su^hate  of  copper  with  ammoaia, 
and  are  called  ammonio'mdphaie  cf  copper^  By  dissolving 
them  m  wntw,  the  MueJiquid  of  the  apothecaries'  diow-bottles 
is  prepared.  The  alcohol  e£Eects  that  which  is  otherwise 
attaiaied  fay  boilings  namely,  a  removal  of  the  water ;  it  with- 
4icaws  from  the  bhie  li<piid  a  portion  of  its  water,  and  the  double 
aalt,  winch  is  insoluble  in  alcohol,  is  separated.  1^  water  may 
be  ahstractedy  also*  in  this  way  £rom  other  solutions  of  salts, 
which  would  undeijgp  a  decomposition  on  the  evaporation  of  the 
water  by  heaL 

854.  MxperimexU, — Add  to  a  diluted  solution  of  blue  vitiiol 
*  amall  quantity  of  pulverised  sugar  of  milk,  and  then  rather 
more  liquid  potassa  than  is  necessary  to  precipitate  the  hydrated 
. oxide  of  eopper,  and  heat  themixture ;  &e  blue  colour  will  soon 
pass  into  a  yc^owish-red.  The  yeUowish-red  precipitate  is 
suboxide  of  copper,  which  is  iarmed  horn  the  protoxide  of 
copper,  be<»uise  the  si^^gar  is  able  to  Absi^-act  horn  me  latter  half 
its  oxyg^i.  The  same  compound,  but  of  a  more  beautiful 
red  coloiuv  is  obtained  by  boilix^  verdigris  with  vinqgar,  and 
then  adding  some  hoaey  to  the  solution  obtained,  and  i^ain 
boiling.  Thus  is  easily  explained  why  a  red  deposit  always 
anhmfas  £rom  the  oxymel  of  subacetate  of  copper  in  the  apothe- 
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caries'  shops ;  in  the  slow  separation  which  occurs  in  the  latter 
case,  small  distinct  crystals  are  frequently  formed. 

Reduction  of  the  Copper  Compownds  to  Metals, 

355.  Experiment, — Ruh  together  some  g^rains  of  hlue  vitrio], 
carbonate  of  soda,  and  charcoal;  ignite  the  mixture  strongly 
for  some  minutes  before  the  blow -pipe,  and  then  elutriate  the 
black  mass  with  water ;  numberless  small  spangles  of  metallic 
copper  will  remain  behind  on  the  bottom  of  the  vessel.  The 
carbonate  of  soda  takes  the  sulphuric  acid  from  the  blue  vitriol, 
and  the  charcoal  the  oi^gen  from  the  oxide  of  copper. 

356.  Experiment. — If  half  an  ounce  of  blue  vitriol  is  heated 
to  boiling  with  an  ounce  and  a  half  of  water  in  a  porcelain 
bowl,  and  then  boiled  a  few  minutes  with  some  granulated  ztitc, 
the  metallic  copper  separates  as  a  powder,  since  the  zinc  has  a 
greater  affinity  than  copper  for  oxygen  and  for  sulphuric  acid. 
The  powder  obtained  is  washed,  and  then  boiled  with  water  and 
a  few  drops  of  sulphuric  acid,  in  order  to  remove  all  the  zine. 
It  must  be  dried  quickly,  but  not  at  a  high  h^at,  for  copper  in 
this  state  of  minute  subdivision  attracts  oxygen  with  more 
avidity  than  when  it  is  in  a  compact  mass. 

357.  Experiment — Introduce  some  hydrated  oxide  of  copper 
into  a  test-tube,  the  bottom  of  which  is  broken,  heat  it,  and 

Fig.  166.  *^®^  P^*^  ^^^^  ^*  *  stream  of  hydro* 

gen,  which  is  evolved  by  zinc  and 
diluted  sulphuric  acid;  in  the  heat^ 
the  hydrogen  abstracts  from  the 
oxide  of  copper  its  oxygen,  and  forms 
with  it  water,  which  escapes  in  com- 
pany with  the  hydrated  water.  This 
method  is  frequently  employed  for  the 
reduction  of  ores  on  a  smfdl  scale. 

358 .  Experiment — Push  an  iron  rod  into  a  good-sized,  large- 
Fig.  156,     mouthed  phial,  forcibly  enough  to  break  out  the 

bottom,  file  off  the  sharp  edges  of  the  fractured  part, 
and  bind  some  moistened  bladder  over  the  mouth 
of  the  plual.  Then  twist  a  wire  firmly  round  the 
phial,  in  such  a  manner  as  to  form  two  or  three 
supports,  by  means  of  which  it  may  be  suspended 
in  a  tumbler. 

Let  a  strip  of  strong  sheet  zinc,  of  the  width  of 
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Fig.  157. 


Fig.  168. 


the  finger,  and  five  inches  long,  be  soldered  to  a 
jj^     strip  of  thin  copper  plate,  ten  inches  long^,  and  bend 
II        the  strip  of  copper  as  represented  in  the  annexed 
m         figure.     Put  a  coin  upon  the  lower  horizontal  part 
Jf  of  the  copper  strip, — for  instance,  a  bright  half- 

■*  crown, — or  some  other  metallic  object,  the  impres- 

sion of  which  you  wish  to  take.  Now  fill  the  phial 
three-quarters  full  with  veiy  diluted  sulphuric  acid 
(one  drachm  of  sulphuric  acid  to  two  ounces  of  water),  introduce 
the  zinc,  and  suspend  the  apparatus  in  a  tumbler,  in  which  a 
saturated  solution  of  blue  yitriol,  and  also  a  few  whole  crystals 
of  blue  vitriol,  have  been  put.  In  the  course 
of  a  few  minutes  the  coin  will  be  covered  with 
a  thin  film  of  metallic  copper,  and  after  several 
days  with  a  layer  several  lines  in  thickness, 
which  may  be  removed  as  a  coherent  mass. 
Tallow  or  wax  must  be  smeared  over  those 
parts  of  the  coin  and  plate  on  which  the 
copper  is  not  to  be  deposited.  The  sunk  im- 
pression thus  obtained  may  be  used  in  the  same 
way  again,  instead  of  the  coin,  as  a  mould  for 
obtaining  a  raised  impression.  When  the  evolution  of  the  gas 
in  the  phial  has  ceased,  a  few  drops  of  strong  sulphuric  acid 
may  be  stirred  in,  or  the  liquid,  which  contains  sulphate  of  zinc 
in  solution,  may  be  replaced  by  a  fresh  supply  of  diluted  sul- 
phuric acid.  Salt  water  may  also  be  used  instead  of  sulphuric 
acid,  but  then  the  separation  of  the  copper  takes  place  more 
slowly. 

The  decomposition  of  the  blue  vitriol  has,  in  this  case,  been 
efiPected  by  the  galvanic  current,  which  is  always  generated 
when  different  kinds  of  metals  come  in  contact,  or  are  intro- 
duced into  different  liquids.  The  bladder  is  a  porous  substance, 
through  which  the  galvanic  current  may  pass.  Galvanism  here 
takes  the  place  of  the  plastic  artist,  and  hence  the  term  gahano^ 
plastic,  applied  in  Germany  to  electro-metallurgy.  A  soliition 
of  gold  or  silver  may  be  decomposed  in  the  same  manner  (gal- 
vanic gilding  and  silvering). 

Copper  and  Acids.  . 
359.  Chloride  of  Copper  (Cu  CI). — Experiment — If  mu- 
riatic acid  is  added  to  oxide  of  copper,  a  green  sdution  is  ob- 
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taioed,  and  from  k,  by  enqporatioiiy  a  grec&  sak,  chloride  of 
copper,  or  muriate  of  oside  of  copper.  Introduce  some  of  it 
into  the  wide  of  a  8piiit4amp  ;  it  diMolyes  in  the  alcohol,  and 
eoloun  the  flame  green.  Write  on  paper  with  a  yery  ^uted 
8<^ution  of  it :  the  colour  of  the  writing  chains  on  heating, 
and  again  on  cooling,  as  in  the  ease  of  diloride  (»eoba1t.  (§  308 .) 
Metallic  copper  dissolves  hut  very  slowly,  mod.  with  access  of 
oxygen,  in  muria^  acid. 

For  Sulphate  of  Oxide  of  Copper^  or  Blue  Vitrioi,  see  §  175. 

36a     Mirate of  Oxide  cf  Copper  (Cu  O,  N  O5  +  5  HO). 

Copper  disserves  yery  readily  in  nitric  add,  forming^  a  hlue 
liquid  (§  162)  ;  if  the  solution  is  set  aside  in  a  warm  pkeey  blue 
crystals  of  nitrate  of  copper  are  deposited,  which  defiqueice  in 

the  air.  Tlie  accompany ii^£»- 
Volatile.  gram  serves  to  Sfostoaie  tibe 
process  attending  tlie  sobitk>n 
of  copper,  as  wcU  as  ef  most 
vSaSle.  ^*^  metals,  in  nitru:  acid.  It 
is  akeady  known  that  the 
nitric  oxide  gas  which  escapes  becomes  nitrous  add  on  ooaui^ 
into  contact  with  the  air. 

Experiment. — Envelop  quickly  in  tinfoil  some  crystals  of 
nitrate  of  copper,  moistened  with  a  drop  of  water,  and  press  the 
parcel  compactly  together,  and  put  it  upon  a  stone ;  flames  and 
smoke  will  soon  break  forth  from  the  bubbling  mass,  because 
the  tin  overpowers  the  nitric  add,  and  by  means  of  its  oxygen 
becomes  oxidised  into  oxide  of  tin. 

Oxide  of  copper  forms,  with  phosphoric,  arsenic,  oxalic,  and 
silidc  acids,  insoluble  blue  or  green  compounds,  in  the  same  way 
as  with  carbonic  add. 

36 1 .  Verdigris, — Experiment — By  sprinkling  a  copper  coin 
from  time  to  time  with  vinegar,  it  becomes  gradually  covered 
with  a  green  coatmg.  When  copper  is  rusted  merely  by  ex« 
posure  to  the  moisture  of  the  atmosphere,  or  of  the  earth,  basic 
carbonate  of  copper  is  formed ;  but  when  the  rusting  is  effected 
by  vinegar,  basic  acetate  of  copper  is  formed.  The  latter  is 
the  verdigris  of  conunerce.  It  is  prepared  on  a  large  scale, 
either  dircetly  horn  copper  and  vinegar  (green  or  Grerman  yer- 
d]gris)»  or  indirectly  oy  padong  neets  of  eofiper  with  the 


ao8 

rcfoB  ci  pressed  gnapes,  mce  die  joke  stffl  aAiernig  to  die 
maik  gradoaBy  passw  OYef^infto  ■viBcgar  (blue  or  Frendi  tct^ 
digiisy  Verj^pis  boiled  with  yinegsr  giTet  a  blue  solutm, 
from  wbidb,  on  coding,  dark  green  crystak  o£  neutral  acetate 
of  oxide  of  copper  (Cu  O  A.  +  H  O)  are  deposited  (crystal- 
lised or  ^stffied  verdtgns). 

yerd%ris^  Hke  all  the  salts  of  eop|»er^  is  very  pmsonous; 
tke  white  of  eggs  and  milk  are  efficacious  antidotes.  Pofished 
iron,  ammonia)  snl^uretted  hjdrogen,  ana  especially  ferro-' 
cyanide  oC  potassium  (§  292),  serre  for  the  detection  of  salts 
of  co^er. 

Copper  and  SuJp^ier, 

362*  Esxperiment — ^If  aome  sulphuretted  hydrogen  water  is 
added  ta  a  s^uskiea  of  aay  «f  the  copper  salts^  a  blade  preci- 
pitate of  sulphuret  of  cmjper  is  produced.  (§  131.)  Heat 
thi%  after  it  baa  settled  aad  the  liqnui  has  beem  decanted,  with 
some  dff^  of  mtric  or  meiiafcie  acid  ;  the  sulphuret  of  copper 
ia  decoBipoged  and  disfielTedy  ndiile  nitrate  or  muriate  of  copper 
ia  fonaad^  This  mode  is  wsvecsidly  employed  on  a  amaU  scale, 
enpemlly  ia  aaalysia,  ml  evdei  to  eonrert  metallic  solphurets 
into  solul^  saha. 

363.  PreparaiSan  of  Copper^ — The  ndpkmret  of  copper  ia 
the  most  common  ore  from  which  copper  is  extracted.  It  k 
seldom  Ibwid  pes^  but  mo^y  eombuoKra  with  sulphuret  of  iron, 
as  in  copper  pyrites.  The  process  of  the  reduction  and  smdt* 
iag  of  copfex  is,  aecerdSng^,  ^ery  tedious,  as  not  onty  the 
salyhur^  but  also  the  iroo^  musibe  got  rid  q£.  Thia  is  e&cted 
— 1st,  by  roasting  in  the  air,  whereby  the  copper  k  concerted 
into  oxide  of  copper,  the  iron  into  black  oxide  of  iron,  and  the 
sulphur  into  sul^uuroua  acid ;  2Bd,  by  melting  the  roasted  ore 
witn  charcoal  and  some  silicious  substance,  by  which  means 
metallic  copper  and  carbonic  oxide  are  formed  from  the.  oxide 
of  copper  fuid  tibe  charcoal,  and  sificate  of  protoxMe  of  iron 
^ron  slag)  frona  the  pt)toxide  of  iron  and  quartz.  What 
n^peais  tiMis  simple  b,  m  reaHty,  so  difficult  an  operation,  that 
the  nsoating  and  meltkag  mxt  often  be  altemat^y  repeated  ten 
or  twenty  timeff  m  order  to  remoTe  all  the  iron  and  sulphur. 
The  mened  mass,  which  ia  obtained  when  about  half  the  iron 
and  sulphar  is  ahstracted,  ia  called  tnaUe  (erode  copper) ;  and  - 
Uaek  €0pjMP,  when  it  eontaine  only  aboiit  fife  per  cent,  of 
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these  two  substances.  The  complete  refining  of  black  copper 
is  effected  by  melting  the  metal  again,  exposing  it  at  the  same 
time  to  the  action  of  the  air,  whereby  the  iron,  sulphur,  and 
other  foreign  metals  which  may  be  present,  as  lead  and  anti- 
mony, are  oxidised  before  the  copper.  When  the  black  copper 
contains  silver,  it  is  subjected  to  tiie  process  of  liquation. 

The  operation  of  working  the  copper  is  much  easier  when 
the  ores  are  combined  with  oxygen  instead  of  sulphur,  as  they 
yield  the  metallic  copper  by  merely  heating  with  charcoal ;  but 
such  ores  are  of  too  rare  occurrence  in  nature  to  yield  suffi- 
cient copper  to  meet  the  demand. 

364.  Alloys  of  Co/yocn— Copper  forms  very  important  alloys 
with  several  other  metals. 

Gold  and  copper  form  the  common  gold,  silver  and  capper 
the  conmion  silver,  from  which  gold  and  silver  articles  and  coins 
are  made. 

The  well-known  brasSy  and  other  metallic  compounds  having 
the  appearance  of  gold,  such  as  tombac,  similor,  prince's  metal, 
red  brass,  &c.,  are  composed  of  zinc  and  copper.  Spurious 
gold-leaf  is  made  by  hammering  out  tombac  into  exceedingly 
thin  leaves,  which,  when  finely  pulverised,  constitutes  the  so- 
called  gold  bronze.  Purple  or  copper  brome  is  prepared  by 
gently  heating  the  gold-coloured  bronze  till  it  turns  to  a 
purple-red  colour. 

Zinc,  nickel,  and  copper  constitute  the  ing^redients  of  Grerman 
silver  {packfong,  white  copper). 

Tin  and  copper  form  a  very  hard  grey  alloy,  from  which 
statues,  cannons,  bells,  mirrors,  &c.,  are  cast  {bronze^  gun^metxd, 
bell-metal,  speculum-metal), 

MEBCUBY,  HTDRAROYRUM  (Hg). 

At  Wt.  =  200.— Sp.  Gr.  =  18.5. 

365.  We  have  in  mercury  the  only  metal  which  is  Jluid  at 
ordinary  temperatures ;  for  this  reason,  and  also  on  account  of 
its  silver-white  brilliancy,  it  has  been  called  hydrargyrum 
(water-silver  or  liquid-silver).  .  But  subsequently,  from  its 
mobility,  it  was  dedicated  to  Mercury,  the  most  active  of  the 
ancient  gods,  and  received  his  name,  the  symbol  {f  beine  at 
the  same  time  assigned  to  it.  Even  now,  qmcksilver  and  its 
various  medicinal  preparations,  such  as  calomel  and  corrosive 
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ffliblimate,  are  called  mercurial  remedies.  In  the  northern 
parts  of  Siberia  mercury  becomes  solid  eveiy  winter,  whenever 
the  cold  reaches  — 40°  F.  ( — 40°  C.) ;  but  in  our  climate  it  can 
only  be  solidified  by  artificial  irigorific  mixtures.  Its  action  in 
the  heat  also  corresponds  with  this ;  namely,  it  boils  at  680°  F. 
(360°  C.)  (consequently  with  only  three  and  a  half  times 
greater  difficulty  than  water),  and  it  is  therefore  easily  vola- 
tilised and  distilled. 

Experiment — Fasten  to  the  cork  of  a  phial  containing  mer- 
cury a  piece  of  wood,  affixing  to  the  bottom  of  the  latter  some 
genuine  gold-leaf;  the  gold,  after  some  days,  will  have  assumed 
a  white  colour,  and  be  converted  into  an  dloy  of  gold  and  mer- 
cury. It  is  obvious  from  this,  that  fumes  of  mercury  must 
be  contained  in  the  air  of  the  phial,  and  that  mercury,  like 
water,  evaporates  slowly  even  at  ordinary  temperatures.  The 
vapour  of  mercury,  and  the  preparations  of  mercury,  are  very 
injurious ;  they  first  produce  involuntary  salivation,  and  after- 
wards lingering,  dangerous  maladies;  therefore,  in  experi- 
menting with  mercury,  not  only  the  inhalation  of  the  fumes 
diould  be  avoided,  but  it  must  be  weighed  and  decanted  over  a 
bowl,  so  that,  if  any  portion  of  it  should  happen  to  be  spilt,  it 
may  not  fall  upon  the  floor.  Spirit-thermometers  only  should 
be  suspended  in  sleeping-apartments  and  sitting-rooms,  since, 
from  the  accidental  breaking  of  the  mercurial  thermometer,  the 
atmosphere  would  be  vitiated  by  the  mercury  running  into  the 
chinks  of  the  boards,  from  which  it  could  be  removed  only  with 
great  difficulty.  The  same  Tule  applies,  too,  to  green-houses, 
as  the  fumes  of  mercury  are  also  poisonous  to  plants.  As,  in 
comparison  with  water,  mercury  boils  at  a  very  high,  and 
freezes  at  a  very  low  temperature,  and  as  it  has  a  great  specific 
weight,  it  is  for  these  reasons  excellently  adapted  to  the  con- 
struction of  thermometers,  barometers,  areometers,  &c.  (§§  16, 
24,  93.)  Its  chief  use  in  areometers  is  to  lower  the  centre  of 
gravity,  thereby  forcing  the  instrument  to  float  in  an  upright 
position.  In  the  less  accurate  areometers,  lead  shot  are  fre* 
qnently  substituted  for  mercury. 

Mercury  and  Acids, 
366.  Mercury,  if  quite  pure,  retains  its  metallic  lustre  in  the 
air  and  water,  and  it  is  therefore  ranked  among  the  noble  me- 
tals ;  but  if  it  is  mixed  or  adulterated  with  other  metals,  as  lead, 
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tin,  or  bismuth,  a  grey  film  will  gradually  form  upon  its  8ur> 
face.  On  account  of  the  slight  affinity  of  the  noble  metab  for 
oxygen*  their  oxides  cannot  be  prepiured  directly  by  exposii^ 
them  to  the  air,  t>r  by  heating  them  to  redness,  but  only  indi- 
rectly, the  best  way  being  to  treat  the  metals  with  acids.  The 
most  powerful  solyent  for  mercury  is  mtric  eudd;  the  cheapest 
is  sulphuric  acid. 

367.  Nitrate  of  the  Protoxide  of  Mercury  (Rg  Oy  N  O5).-- 
Experiment — Pour  into  a  poreehun  dish  one  ounce  of  mercury, 
one  drachm  of  water,  and  half  an  ounce  of  nitric  acid ;  cover  the 
yessel  and  place  it  aside  for  several  days ;  you  will  then  find  the 
mercury  covered  with  white  crystals ;  they  are  the  nitrate  of  the 
wrotoxtde  of  mercury.  In  the  coldy  two  atoms  of  mercury  take 
up  only  one  atom  of  oxygen  from  the  nitric  acid.  Put  a  part 
of  the  crystals  into  a  phial,  and  pour  over  them  some  vrater ;  a 
milky  turbidness  is  produced,  as  in  the  solution  of  bismuth 
(§  347),  but  it  disappears  agun  on  the  addition  of  a  few  drops 
of  nitric  acid. 

This  solution  of  protoxide  of  mercury  serves  for  the  following 
experiments: 

368.  Protoxide  of  Mercury  (Hg  O). — ExperimcHt. — ^To  a 
part  of  the  solution  of  protoxide  of  mercury  is  added  a  solution  of 
potassa ;  a  bl(ick  precipitate  of  protoxide  of  mercury  is  formed. 
This  preparation  must  be  k^  in  an  opaque  phial,  because  it  is 
resolved  by  the  light  into  peroxide  of  mercury  and  metallic 
mercury.  If  ammonia  is  used  instead  of  the  potassa,  a  triple 
combination  is  obtained  of  protoxide  of  mercury,  ammonia,  and 
nitric  acid. 

369.  Experiment — 1£  a  drop  of  the  solution  of  mercury  is 
rubbed  upon  a  copper  coin,  the  mercury  separates  as  metal, 
and  e£Pects  &  false  mvering  of  the  copper. 

Experiment, — Make  a  stroke  across  a  brass  plate  with  a 
wooden  stick  that  has  been  dipped  in  the  solution  of  mercury ; 
if  the  plate  is  afterwards  bent  at  this  place  it  will  break,  as 
though  it  had  been  cut ;  because  the  reduced  mercury  pene- 
trates the  brass  with  great  quickness,  and  renders  it  brittie. 
Thus  the  brazier  can  make  use  of  this  solution  instead  of 
shears. 

370.  Protochloride  of  Mercury  (Hg  CI). — Experiment, — 
Add  some  muriatic  acid,  or  a  solution  of  common  s^t,  to  a  part 
of  the  diluted  solution  of  the  protoxide  of  mercury ;  a  heavy 
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white  precipitate  of  muricUe  of  the  prdoxuie  of  mercury,  or 
protochloride  of  mercury y  is  produced,  which  is  msolubk  in 
water.  When  well  washed  and  dried,  this  salt  of  mercury 
forms  the  highly  important  medicine  known  as  cahmei  (prect" 
pleated).  K  some  of  it  is  moistened  with  potassa  or  lime  water, 
it  becomes  black,  owing  to  the  protoxide  of  mercury  being  set 
free ;  thus  is  explained  the  Greek  name  calomel  {KdK6s,  beau* 
tiful,  fUXas,  black).  This  combination  is  also  slowly  decom- 
posed by  light.  Formerly,  protochloride  of  mercuiy  was  uni- 
Tersally  prepared  from  the  perchloride  of  mercury  and  metallic 
mercury,  which  were  rubbed  together  and  sublimed  {sublimed 
calomel).  By  this  process  Hg  CI2  and  Hg  are  conyerted  into 
Hg  CI,  a  heavy,  crystalline,  white  mass,  whicii  is  pulverbed  and 
washed  many  times  with  boiling  water.  The  powder  thus 
obtained  has  a  slight  yellowish  tinge. 

371.  Nitrate  of  the  Peroxide  of  Mercury  (Hg  O2,  N  O5).— 
Experiment. — Dissolve  in  a  flask,  at  a  moderate  heat,  some 
mercury  in  nitric  acid,  and  when  completely  dissolved,  boil  the 
liquid  briskly. for  some  minutes.  "While  boiling,  the  mercury 
combines  with  as  much  again  oxygen  as  in  the  cold,  and  accord- 
ingly nitrate  of  peroxide  of  mercury  is  produced,  which  ciys- 
taUises  from  the  liquid  on  cooling.  A  solution  of  this  salt  gives, 
with  potassa  or  lime-water,  a  yettowish-red  precipitate  of  per- 
oxide of  mercury,  but  it  is  not  rendered  turbid  by  muriatic  acid 
or  common  salt 

372.  Peroxide  of  Mercury  (Hg  O2). — Experiment.-^^esA, 
gradually  in  a  test-tube  some  of  the  ciystals  of  the  nitrate  of 
peroxide  of  mercury,  till  they  cease  to  give  off  fumes ;  the  nitric 
acid  escapes,  partly  decomposed  into  nitrous  acid,  the  peroxide  of 
mercury  remains  behind.  Its  red  colour,  however,  appears 
first  on  cooling ;  as  long  as  it  is  hot,  it  looks  black.  It  is  re- 
solved by  too  strong  a  heat  into  oxygen  and  metallic  mercury. 
(§  56.) 

373.  Perchloride  of  Mercury  (Hg  CI2). — Experiment. — 
Heat  some  peroxide  of  mercury  with  muriatic  acid,  and  con- 
tinue adding  the  latter  till  a  complete  solution  is  obtained ;  the 
white  prismatic  crystals  which  separate  on  cooling  are  muriate 
of  peroxide  of  mercury,  it-  or  perchloride  of  mercury, — one  of 
the  most  violent  poisons.  The  same  compound  is  obtained  on  a 
large  scale,  in  white,  transparent,  heavy  masses,  by  the  subli* 
mation  of  the  sulphate  of  the  peroxide  oi  mercury  mth  common 

d2 
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salt;  hence  its  common  name,  corrosive  sublimate.  Potassa 
turns  calomel  black,  but  corrosive  sublimate  yellowish -red* 
Poisonous  substances  commonly  have  the  property  of  protecting 
vegetable  and  animal  substances  from  decay,  and  percbloride  of 
mercury  possesses  this  power  in  a  high  degree.  For  this 
reason,  wood  for  ship-buUding,  and  sleepers  for  railroads,  are 
saturated  with  a  solution  of  it  in  water  (K^amzin^);  the 
plants  of  herbariums  are  passed  through  a  solution  of  it  in 
alcohol,  &c.  It  must  not  be  forgotten,  that  these  things  them- 
selves are  thereby  rendered  poisonous.  In  cases  of  poison* 
ing,  large  quantities  of  whites  of  eggs  must  immediately  be 
administered,  as  the  albumen  forms  with  the  bichloride  of  mer- 
cury an  insoluble  compound. 

374.  If  ammonia  is  added  to  a  solution  of  percbloride  of 
mercury,  then  red  oxide  is  not  precipitated,  but  a  white  body, 
which  is  likewise  (as  in  §  368)  a  triple  compound,  consisting  of 
mercury,  chlorine,  and  ammonia.  It  is  kept  in  the  apothecaries' 
shops  as  an  external  remedial  application,  under  the  name  of 
white  precipitate, 

375.  Experiment, — Add  some  salt  of  tin  (protochloride  of 
tin)  to  another  portion  of  the  solution,  and  heat  the  liquid ; 
a  grey  powder  will  separate ;  this  is  mercury  in  a  state  of  eX" 
treme  comminution.  If  you  boil  it  with  muriatic  acid,  after 
having  decanted  the  liquid,  the  powder  finally  forms  into  glo- 
bules. The  protochloride  of  tin  has,  so  strong  a  tendency  to 
pass  over  into  percbloride,  that  it  abstracts  the  chlorine  from 
the  percbloride  of  merciuy.  This  action  is  made  available  in 
analysis  for  detecting  the  salts  of  mercury. 

Mercmry  may  be  minutely  divided  also  by  long  trituration 
with  viscous  substances,  as  fat,  tallow,  wax,  &c.,  so  that  no 
particles  of  it  can  be  discerned  by  the  naked  eye.  In  this 
manner,  mercurial  ointment  and  mercurial  plasters  are  prepared 
by  the  apothecaries. 

Mercury  and  Sulphur. 

376.  Persulphuret  of  Mercury  (Hg  Sg). — EnDperiment.-^-^ 
1£  a  solution  of  percbloride  of  mercury  is  agitated  with  a  little 
sulphuretted  hydrogen  water,  or  sulphuret  of  ammonium,  a 
white  precipitate  is  formed,  which,  on  adding  more  of  the 
precipitating  body,  becomes  yellow,  brown,  and  finally  black  ; 
the  black  substance  is  ih'Q persulphuret  of  mercury.     This  conm- 
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pound  is  also  obtained  by  mixing  mercury  with  melted  sulpbur, 
or  indeed  by  rubbing  it  for  a  day  with  flowers  of  sulphur 
(Ethiops  mineral).  If  this  black  sulphuret  of  mercury  is 
sublimed  in  a  glass  tube,  then  a  blackish-red  crystalline  mass 
is  obtained,  the  colour  of  which,  by  friction,  passes  into  the 
most  magnificent  scarlet-red.  The  persulphuret  of  quicksilver 
in  this  state  is  called  vermilion^  or  cinnabar.  The  red  and 
the  black  persulphuret  of  mercury  have  precisely  one  and  the 
same  composition,  and  yet  a  very  great  diflFerence  in  appear- 
Mice  ;  they  afford  one  of  the  finest  examples  of  isomeric  com' 
binations.  In  both  the  red  and  black  sulphuret  of  mercury, 
t^o  atoms  of  sulphur  are  always  combined  with  one  atom  of 
mercury,  or  one  ounce  of  sulphur  with  6^  ounces  of  mercury. 
Vermilion  is  also  frequently  prepared  in  factories  in  the  moist 
w*^y>  ^y  triturating  together  for  a  day  mercury,  sulphur,  and  a 
solution  of  potassa.  When  vermilion  is  pure,  it  volatilises 
coitipletely  on  a  glowing  coal,  emitting,  at  the  same  time,  a 
blue  sulphurous  fiame ;  but  if  adulterated  with  minium,  beads 
of  metallic  lead  remain  behind.  On  account  of  its  insolubility, 
it  is  far  less  prejudicial  to  health  than  the  other  compounds  of 
mercury. 

Cinnabar  also  occurs  in  nature,  and  we  have  in  it  the  most 
important  ore,  from  which  we  obtain  mercury  on  a  large  scale. 
Small  globules  of  pure  mercury  are  also  found  in  many  porous 
stones. 

377.  Preparation  on  a  large  Scale. — JExperiment. — Mix 
a  little  vermilion  with  half  its  quantity  of  iron  filings,  and  heat 
the  mixture  in  a  diy  test-tube  ;  small  globules  of  mercury  will 
soon  deposit  themselves  on  the  upper  cooler  portions  of  the 
glass,  while  the  sulphur  remains  combined  with  the  iron. 
Mercunr  is  obtained  in  a  similar  manner  from  native  cinnabar, 
by  distilling  it  with  iron  or  lime  in  large  iron  retorts  ;  the 
foreign  earths  remain  behind  in  the  latter.  This  heavy  liquid 
is  imported  either  in  leather  bags,  iron  flasks,  or  hollowed  out 
bamboo-canes. 

378.  Amalgams.  —  Experiment, — Introduce  a  globule  of 
mercury  into  a  porcelain  dish,  put  upon  it  a  piece  of  lead,  and 
let  them  remain  for  some  time  in  contact ;  both  metals  will 
intimately  combine  together.  K  the  proportion  of  mercury  is 
small,  a  finable  mass  is  produced,  but  by  increasing  the  quantity, 
a  paste,  and,  if  still  more  is  added,  a  liquid  solution,  is  obtained. 
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Mercury  wiH  combine  in  a  omilar  mmnner  with  most  of  the 
metals,  forming  what  are  called  avMlgams.  The  amalgam  cf 
tin  is  especially  important  for  silvering  glass,  so  that  the  rays  of 
light  falling  upon  the  surface  of  the  gkfls  may  be  reflected  by 
tM  bright  coating  of  the  amalgam.  Such  glasses  are  called 
mirrors. 

SILTES,  argehtum  (Ag). 
At  Wt.  =  108.— Sp.  Gr.  =  lOA 

379.  Silver  conreys  to  us  a  distinct  conception  of  what  is 
understood  by  a  noble  metal.  We  can  let  a  coin  of  pure  silTer 
remain  exposed  to  the  air,  we  can  throw  it  into  the  water,  or 
bury  it  in  the  earth  ;  it  does  not  rust.  We  can  subject  it  to 
the  greatest  heat ;  it  may  perhaps  diange  its  form,  and  m^ 
at  about  1832^  F.  (1000''  C.)>  but  it  does  not  oxidise  or  yolatilisa 
Silrer  has  also  a  higher  valtte  than  most  other  metak,  not  only 
on  account  of  its  unchangeablenesSy  but  because  its  ores  are  of 
comparatirely  rare  occurrence  in  nature,  and  the  process  of  ob- 
taining them  is  more  costly  than  that-of  other  ares.  A  pound 
of  silver  is  worth  about  three  sovereigns.  It  ip  principally  on  ac- 
count of  these  two  circumstances  that  silver  and  gold  have  been 
made  to  serve  as  the  medium  of  ezdiangein  the  sale  and  purchase 
of  commodities, — that  they  are  used  as  money.  The  beautiful 
lustre  of  silver,  and  its  extraordinary  ductility,  have  moreover 
rendered  it  a  favourite  and  appropriate  metal  for  various  artidea 
of  luxury,  and  for  platmg  other  metals.  The  old  name  for 
silver  is  Luna  (  }> ). 

Alloys  of  silver. — ^As  pure  silver  is  very  sof^  and  would 
quickly  wear  out  in  using,  it  is  generally  alloyed  with  copper, 
whoreby  it  is  rendered  harder,  without  losing  its  ductility.  If 
the  proportion  of  copper  is  only  one-fourth,  the  diver  still  re- 
tains its  beautiful  white  colour ;  but  if  more  copper  is  added, 
the  alloy  becomes  yellow,  and  finally  red,  by  use.  It  has  be^i 
agreed  to  call  a  quantity  of  pure  silver,  weighing  8  ounces,  a 
fin,e  mark.  If  the  sample  is  an  alloy  of  silver  and  copper,  the 
question  is  always  asked,  What  is  the  proportion  of  pure  silver 
in  8  ounces?  If  it  amounts  to  7^  ounces,  the  silver  is  said  to 
be  7^  ounces  fine;  if  6,  or  4,  (ur  2  ounces  of  silver  are  contained 
in  ]^  it  is  understood  to  be  6,  or  4,  or  2  ounces  fine.  Acccnrd- 
ingly,  silver  6  ounces  fine  contains  three-fourths  of  silver  and 
one-fourth  of  copper.     The  standard  silv^,  used  in  England  to 
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make  shillingi^  half-crowns^  &c^  consists  of  11^  parts  of  pure 
ffllver  and  -^  of  copper.  When  recently  stamped,  thej  are 
yellow,  but  the  surface  of  them  is  rendered  white  by  boiling 
them  with  cream  of  tartar  and  water,  because  some  of  the 
copper  is  thereby  dissolved,  and  consequently  a  thin  coating  of 
pure  silver  is  produced.  By  due  weight  is  understood  the 
weight  of  a  coin ;  by  valuey  the  fineness  of  the  silver  em** 
ployed. 

Experiments  with  Silver. 

380.  In  order  to  oxidise  silver,  it  must  be  treated  with  acids ; 
it  dissolves  most  readily  in  nitric  acid.  In  the  following  ex- 
periments care  must  be  taken  not  to  touch  the  solution  of 
silver  with  the  finger,  as  the  skin  is  stained  black  by  it. 

Nitrate  ofOaide  of  Silver. — Experiment, — ^Add  some  nitric 
acid  to  a  ^ver  coin  placed  in  a  beaker-glass,  which  must  be 
put  in  a  warm  place ;  if  after  a  few  days  the  coin  is  not  entirely 
dissolved,  add  more  nitric  acid,  and  wait  till  the  solution  is 
completed.  The  blue  solution  consists  of  oxide  of  silver  and 
of  oxide  of  copper,  both  combined  with  nitric  acid. 

To  separate  these  two  metals  firom  each  other,  put  some 
bright  copper  coins  into  the  solution,  and  set  it  aside  in  a  warm 
]^ce  for  a  few  days,  occaaonally  giving  it  a  circular  motion. 
The  separated  laminae  are  pure  silver,  which  are  to  be  digested 
with  ammonia,  until  this  ceases  to  be  cc^oured  blue.  The 
silver,  after  bemg  washed  and  dried,  is  dissolved  for  the  second 
time  in  nitric  acid,  and  the  liquid,  diluted  with  water,  is  kept  as 
solution  of  silver. 

Lunar  Caustic, — By  evaporating  this  solution,  nitrate  of 
oxide  of  silver  (Ag  O,  N  O5)  is  obtained,  in  white  tabular 
crystals.  When  these  are  fiised  and  formed  into  slender  sticks, 
by  casting  in  brass  moulds,  they  constitute  lunar  caustic,  known 
as  a  corrosive  agent,  employed  for  removing  proud-flesh,  warts, 
&c.  (fused  nitrate  of  silver).  It  not  only  attacks  the  texture 
of  the  skin,  and  dyes  it  black,  but  also  other  organic  substances; 
an  account  of  this  property,  is  is  often  employed  for  dyeing 
blade  the  hair,  and  also  bones  and  ivory,  as  in  chessmen,  &q. 
The  black  colour  proceeds  from  the  separation  of  the  oxide  of 
silver.  Nitrate  of  silver  forms  also  the  indelible  ink  used  for 
writing  on  linen. 
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381.  Experiments  with  Nitrate  of  Silver. 

Experiment  a. — Place  a  small  piece  of  lunar  caustic  upon 
charcoal,  and  heat  it  before  the  blow-pipe ;  it  deflagrates  and 
yields  metallic  silver,  which  may  be  easily  fused  at  a  stronger 
neat. 

Experiment  h, — Add  some  ammonia  to  a  solution  of  lunar 
caustic ;  the  dark-grey  precipitate  is  oxide  of  silver  (Ag  O). 
If  more  ammonia  is  added,  it  is  redissolved.  It  would  be  dan- 
gerous to  continue  this  experiment  any  further,  as  the  oxide  of 
silver  combines  with  ammonia  and  forms  fulminating  silvery 
which  explodes  violently  on  percussion  or  friction.  Another 
explosive  compound  may  be  prepared  by  uniting  the  oxide  of 
silver  with  fulminic  acid. 

Experiment  c. — Chloride  of  Silver. — ^Dilute  with  water  part 
of  the  solution  of  silver  obtained  in  §  380,  and  add  to  it  muri- 
atic acid,  or  a  solution  of  common  salt ;  you  obtain  a  white 
curdy  precipitate  of  chloride  of  silver  ( Ag  CI).  This  precipi- 
tate is  so  insoluble  in  water  that  it  will  impart  a  cloudiness  to 
a  solution  of  silver  diluted  a  millionfold  (§  187) ;  it  is,  how- 
ever, easily  dissolved  by  ammonia  (test  of  salts  of  silver).  This 
relation  of  the  solution  of  silver  to  common  salt  is  made  use  of 
by  silversmiths  for  testing  silver  alloyed  with  copper,  as  the 
quantity  of  pure  silver  in  the  alloy  may  be  estimated  from  the 
amount  of  the  solution  of  salt  required  for  its  complete  pre- 
cipitation (humid  assay  of  silver).  Chloride  of  silver  is  also 
called  horn-silver,  having  formerly  received  this  name  from  the 
horn-like  appearance  it  assumes  on  melting. 

Experiment  d, — After  having  decanted  the  supernatant 
liquid,  rub  the  chloride  of  silver  with  a  cork  upon  a  sheet  of 
paper,  and  let  it  dry  in  a  dark  place — in  a  drawer,  for  instance ; 
it  remains  white.  Now  place  the  sheet'partly  in  a  book,  so  that 
one-half  may  be  exposed  to  the  light ;  this  part  soon  acquires 
a  violet,  and  finally  a  black  colour,  while  that  protected  from  the 
light  renudns  white.  Thus  light  alone  is  capable  of  destroying 
the  affimty  between  silver  and  chlorine ;  the  chlorine  escapes, 
but  the  silver  remains,  and  in  this  state  of  fine  subdivision  its 
colour  is  black.  On  this  action  of  the  solar  light  on  certain 
substances  were  founded  the  experiments  made  some  years 
since  by  the  natural  philosopher  Daguerre,  who  at  length 
succeeded  in  making  use  of  the  sun  as  delineator,  and  of  the 
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salts  of  silver  (especially  the  compounds  of  silver  with  chlo- 
rine, bromine,  and  iodine)  as  crayons  or  India  ink,  in  pro- 
ducing the  so-called  Daguerreotype  or  photographic  im-. 
pressions. 

Experiment  e,  —  Sulphuret  of  Silver. — If  you  add  sul- 
phuretted hydrogen  to  a  solution  of  silver  you  obt£un  a  black 
precipitate  of  sulphuret  of  silver  (Ag  S).  This  compound 
occurs  in  nature  as  the  most  important  silver  ore ;  it  is 
called  silver-glance.  Silver  is  likewise  found  in  a  pure  state, 
or  in  combination  with  arsenic  and  antimony,  as  red  silver 
ore. 

382.  Preparatiof$  of  Silver  on  a  large  Scale. — The  prepa- 
ration of  silver  from  its  ores  is  adapted  to  the  other  ores  with 
which  the  silver  ores  are  commonly  mixed.  The  three  following 
methods  are  those  most  frequently  resorted  to. 

a.)  Cupellation. — Galena  generally  contains  small  quantities 
of  silver.  In  order  to  extract  this,  the  galena  is  first  reduced, 
by  roasting  and  smelting  with  charcoal,  to  metallic  lead,  in 
which  the  silver  is  also  contained.  This  mass,  containing 
silver,  is  then  put  into  a  kind  of  reverberatory  furnace,  called 
the  refining  hearth^  and  which  is  hollowed  out  like  a  kettle  ;  it 
is  there  heated  for  a  day,  while  a  constant  current  of  air  is  passed 
over  the  metal,  until  aU  the  lead  is  at  last  converted  into  oxide. 
The  oxide  of  lead  melts  in  the  heat,  and  flows  oif  partly  as 
litharge  through  a  tube,  and  partly  soaks  into  the  porous  mix- 
ture of  clay  and  lime,  which  has  been  firmly  beaten  down  on 
the  hearth  of  the  furnace;  but  the  silver,  which  is  not  oxidised, 
remains  behind  in  a  metallic  state  (refined  silver) .  This  is 
rendered  still  purer  by  being  again  fused  in  clay-basins  (smaller 
cupels),  which  absorb  the  remainder  of  the  litharge  (fine  silver). 
1£  other  less  noble  metals  are  present  in  the  silver  ore,  they  are 
likewise  oxidised  and  carried  down  into  the  cupel  by  the  litharge. 
These  methods  can  also  be  employed  on  a  small  scale  for  esti- 
mating the  alloys  of  silver  (assay  by  the  cupel). 

b.)  Liquation  Procc*^.— Many  of  the  copper  ores  also  con- 
tain silver,  and  yield,  on  reduction,  copper  containing  silver. 
(§  363.)  The  silver  is  fused  and  extracted  from  this  ore  by 
means  of  lead,  in  the  same  way  as  potassa  is  dissolved  and 
extracted  from  wood-ashes  by  water.  The  calcined  ore  is  mixed 
with  a  large  proportion  of  lead,  and  then  fused  and  run  into 
pigSy  called  Hquation-cakeSy  which  are  placed,  with  layers  of 
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charcoal,  upon  an  inclined  hearth.  When  the  coal  is  ignitod, 
the  heat  i»  indeed  sufficient  to  melt  the  lead,  but  not  the  copper; 
consequently  the  lead  flows  of^  and  carries  with  it  the  nlyer, 
whilst  the  copper  remuns  behind.  This  mixture  of  lead  and 
silTer  is  finally,  as  described  at  a,  eonyerted  into  metallie  silver 
toad  oxide  oi  lead  in  the  refining^hearth. 

c.)  Process  of  Amalgama^on. — Silrer  is  often  extracted  hj 
means  of  mercury  from  the  ores  eontatnii^  pure  silver  or  siu* 
{^uret  of  silvOT,  but  no  admixture  (^  lead.  But  in  the  case  61 
silver-glance  the  metallic  silver  must  first  be  separated  from  the 
sulphur.  This  is  done  by  two  operations.  In  the  first,  die 
stamped  ore  is  roasted  with  common  sal%  by  which  process 
diloride  of  silver  and  sulphate  of  soda  are  formed ;  in  the  seoond, 
the  roasted  ore  is  mixed  with  water,  iron,  and  mercury,  and  kept 
in  constant  agitation  for  some  time  in  dosed  casks.  Qiloride 
of  iron  and  metallic  silver  are  thereby  formed,  the  latter  of  whkh 
is  dissolved  in  the  mercury.  The  excess  of  mercury  is  then 
filtered  off,  and  a  solid  silver  amalgam  is  obtained  by  subject- 
ing it  to  pressure,  and  the  mercury  is  at  last  completely  removed 
from  the  amalgam  by  distillation. 

GOLD,  AUKUM  (Au). 

At.  Wt.      197.— Sp.  Gr.  =  19.2. 

38S.  Though  gold  is  found  in  most  countries,  yet  it  is  dis- 
seminated so  sparingly,  and  the  separation  of  it  from  the  rocks 
or  the  river-sand  in  which  traces  of  it  occur  is  attended  with  so 
mudi  labour,  that  it  is  rendered  the  most  costty  of  our  metak* 
The  v^ue  of  gold  is  about  fifteen  times  greater  than  that  of 
silver.*  Its  unchangeableness,  its  beautiful  colour,  its  high 
lustre,  and  great  density,  have  stamped  it  as  the  noblest  metal — 
the  king  of  metals.  It  was  formerly  regarded  as  the  synxbol 
for  the  king  of  the  stars,  and  was  called  Sol,  or  Sun  (©).  It 
surpasses  even  silver  in  ductility,  may  be  beaten  out  into  ex- 
tremely thin  leaves  (gold-leaf),  and  a  siogle  grain  of  gold  may 
be  drawn  out  into  a  wire  five  hundred  feet  in  length.  As  it 
always  exists  in  a  metallic  state  in  nature,  and  has  a  very  great 
specmc  weight,  the  most  single  method  of  separating  it  fiNnn 

•  "  Gold  is  regularly  purchased  by  tbe  Bank  of  England  at  the  rate  of  3J.  17fc  9dl, 
and  issued  at  the  rate  of  U,  17«.  lOid  per  ounce  of  22  cants  (eteven-tvelfthB) 
fine.'*— .Waterston's  CydopvBdia  ofC<mmerce, 
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the  sancby  or  frmn  the  stamped  ores,  is  either  hy  washing  with 
water  or  by  amalgamation  with  mercury. 

Pure  goldf  Vike  pore  silver,  id  somewhat  Boity  and  quickly 
wears  out  in  using ;  therefore,  when  it  is  to  be  manufactured 
mto  emns  cat  articles  of  luxury,  it  is  alloyed  with  other  metals, 
osoally  sUver  and  coppery  to  render  it  harder.  Hie  quantity  of 
pure  g(M  contained  in  a  mass  is  expressed  by  the  word  cartU, 
the  standard  number  not  being  8,  as  in  silver,  but  24.  A  mark  of 
gold  (8  ounces)  is  divided  into  24  parts,  or  carats.  If  g<^d  is 
said  to  be  18  carats  fine,  it  is  understood  that  the  mass  consists 
of  three-fourths  (18  parts)  of  gold,  and  one-fourth  (6  parts)  of 
alloy ;  if  6  carats  fine,  of  one-fourth  (6  parts)  of  gold,  and 
three-foorUis  (18  parts)  of  alloy,  &c. 

384.  PcLrdng  cf  Gold, — In  order  to  obtain  fine  gold  from 
alloyed  gold,  or  to  separate  it  from  silver  containing  gold,  it  is 
boiled  wi^  concentrated  sulphtiric  acid,  which  must  be  done 
in  iron  kettles;  the  concentrated  sulphuric  add  does  not  dissolve 
the  iron*  The  silver  and  copper  are  dissolved  with  the  forma- 
iaxm  of  sulphurous  acid,  while  the  gold  remains  behind  undis- 
solved, as  a  brown  powder.  From  the  solution  of  nlver  and 
copper,  the  silver  is  precipitated  by  copper,  and  blue  vitriol  is 
obtained  as  a  seccmdary  product.     This  operation  is  called  re- 

Formeriy,  with  the  same  view,  silver  containing  gold  was 
disscdved  in  nUrie  aeidy  which  does  not  dissolve  the  gold^  though 
it  does  sOv^.  In  this  case  the  remarkable  fact  was  observed, 
that  the  silver  was  completely  dissolved  only  when  three-fourths 
of  alver  were  present  to  one  fourth  of  gold  (two-thirds  of  silv^, 
however,  is  an  adequate  proportion);  hence  the  term  quartf^tion. 
If  more  than  one-fourth  or  one-third  of  gold  is  contained  in  the 
alloy,  the  gold  exerts  a  protecting  influence  upon  the  silver,  so 
that  the  latter  is  not  attacked  and  dissolved  by  the  nitric  acid. 

The  most  simple  mode  of  testing  gold  is  to  rub  some  of  it  off 
upon  a  black  fiint  slate  (tcmchstone),  and  apply  to  the  mark  a 
drop  of  aquafortis.  If  the  gold  is  pure,  the  yellow  stroke  re- 
mains undiangedy  but  if  alloyed,  it  partly  disappears ;  if  it  is 
(Mily  an  imitation  of  gold,  for  instance,  tombac,  it  entirely  dis- 
flcdves. 

385.  Chid  and  Acids.'— "None  of  the  common  acids  alone  can 
diasolve  gold,  since  this  metal  is  in  a  high  degree  indifferent 
towards  oxygen  and  adds.     Chlorine  is  the  only  means  of 
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rendering  it  soluble.  (S  152.)  Commonly  the  chlorine  is  ob- 
tained for  this  purpose  by  mixing  muriatic  with  nitric  acid ;  in 
this  mixture,  the  well-known  aqua  regia,  the  gold  dissolves 
completely  by  sufl&cient  heatmg,  and  a  .brownish-j^ellow  liquid 
is  obtained  (solution  of  gold);,  By  evaporating  tins  solution  to 
dryness,  terchloride  of  gold  ( Au  Cls)  is  obtaindl,  as  a  brownish- 
red  deliquescent  salt.  Metallic  gold  separates  from  it  on  ex- 
posure to  the  light,  and  likewise  separates  by  introducing  phos- 
phorus, iron,  zinc,  and  other  metals,  into  a  solution  of  it. 

Experiments  with  Gold. 

386.  Gilding. — Experiment  a. — Dip  a  dry  test-tube  into  a 
diluted  solution  of  gold,  so  as  to  moisten  the  bottom  of  it,  and 
then  heat  it  over  die  flame  of  a  spirit-lamp ;  it  will  become 
gilded,  a  proof  that  gold  has  only  a  very  feeble  affinity  for 
chlorine,  since  it  releases  it  at  a  mere  gentle  heat 

Experiment  b. — ^Drop  some  of  the  solution  of  g^ld  upon 
blotting-paper ;  let  the  paper  dry,  and  then  hold  it  by  means  of 
a  wire  over  the  flame  of  a  spirit-lamp ;  you  obtain  finely-divided 
gold,  mixed  with  the  ashes  of  the  pi^r  as  a  coherent  loose 
mass.  If  you  rub  this  for  some  time  upon  a  bright  silver 
spoon,  with  a  soft  cork  which  has  been  dipped  in  salt  water,  the 
silver  becomes  gilt  {cold  gilding).  There  are  other  methods  of 
^ding — the  moist  gilding^  in  which  the  copper,  brass,  or 
silver  articles  are  boiled  with  a  very  <Uuted  solution  of  gold,  to 
which  some  bicarbonate  of  soda,  or  cyanide  of  potassium  has 
been  added;  the  hot  or  quicksilver  gilding^  by  which  these  articles 
are  smeared  with  a  solution  of  gold  in  mercury,  and  afterwards 
heated  ;  the  galvanic  gilding^  which  is  done  in  the  same  man- 
ner as  the  galvanic  coppering.  The  silvering  of  metals  is  con- 
ducted on  the  same  principle. 

387.  Gold  Potoder. — Experiment — Drop  into  a  weak  solu- 
tion of  sulphate  of  iron  some  munatic  acid,  and  then  some  of 
the  solution  of  gold ;  the  liquid  immediately  assumes  a  change- 
able dark  and  brownish  colour,  but  it  appears  of  a  beautiful 
blue  colour  by  transmitted  light.  On  standing,  a  brown  sub- 
stance is  deposited,  which  is  gold  in  the  state  of  minutest  sub- 
division {gold  powder).  The  green  vitriol  is  at  the  same  time 
converted  into  the  sulphate  of  the  sesquioxide  of  iron,  and  into 
sesquichloride  of  iron  ;  decomposition  is  thus  produced,  by  the 
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great  tendency  of  the  protoxide  of  iron  to  pass  over  into  the 
sesquioxide  of  iron.  In  this  way  the  workers  in  gold  precipi- 
tate that  metal  from  liquids  containing  it.  By  triturating 
gold  powder  with  oil  of  lavender,  the  colour  made  use  of  by 
painters  for  gilding  porcelain,  glass,  &c.,  is  obtained. 

388.  Gold  and  Oxygen. — tf  the  solution  of  gold  is  applied 
to  the  skin,  or  to  any  other  organic  substance,  it  imparts  to  it 
on  drying  a  dark  purple-coloured  stain,  proceeding  from  the 
protosnde  of  gold  (Au  O).  This  protoxide  of  gold  is  also 
formed  on  the  addition  of  the  solution  of  gold  to  proto- 
chloride  of  tin  (purple  of  Cassius),  That  the  most  beautiful 
purple  colour  is  produced  by  this  on  glass  and  porcelain  has 
already  been  mentioned,  under  the  head  of  tin.  (§  322.)  Gold 
may  be  recognised  in  its  solutions  by  salt  of  tin.  Teroxide  of 
g'old  ( Au  O3)  is  of  a  brownish-black  colour,  and  comports  itself 
like  an  acid  towards  bases.  It  combines  with  ammonia,  like 
the  oxide  of  silver,  forming  fulminating  gold. 

389.  Sulphuret  of  Gold, — When  sulphuretted  hydrogen  is 
added  to  a  solution  of  gold,  a  black  precipitate  of  sulphuret  of 
gold  is  produced,  which  is  soluble  in  hydrosulphuret  of  ammonia. 
Crold  cannot  be  united  directly  with  sulphur,  by  fusing  them 
together. 

PLATINUM  (Pt). 
At.  Wt.  =  99.— Sp.  Gr.  =  21.5. 

390.  Platinum,  a  metal  of  still  greater  density  than  gold, 
was  brought  in  the  last  century  from  America,  where  it  was 
found,  in  the  form  of  small,  flattened  grains,  mixed  with  the 
sand  from  which  the  gold  was  washed.  It  received  the  name 
of  platinum,  derived  from  the  Spanish  word  plata,  silver,  on 
account  of  its  resemblance  to  silver  in  colour  and  ductility.  It 
was  afterwards  found  also  in  the  sand  of  the  Ural  Mountains, 
in  compact  lumps,  from  the  size  of  a  lentil  to  that  of  a 
man's  flst.  Platinum,  like  gold,  is  a  noble  metal,  and,  like 
iron,  is  tenacious,  ductile,  and  can  be  welded,  and  is,  more- 
over, infusible  at  the  strongest  furnace  heat.  These  proper- 
ties have  rendered  platinum  an  invaluable  metal  to  the  cnemist. 
Sulphuric  and  hydrofluoric  acids  can  be  distilled  in  platinum 
retorts,  aquafortis  can  be  boiled  in  platinmn  capsules,  and 
substances  can  be  subjected  to  the  strongest  white  heat  in 
platinum  crucibles,  or  on  platinum  foil  or  wire,  without  the 
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platinum  articles  being  broken  or  melted.  It  is  only  necessary 
to  be  careful  that  no  metal  be  heated  with  platinum,  as  a 
fusible  alloy  might  thus  be  formed,  and  the  platmum  apparatus 
be  melted  or  broken  even  at  a  moderate  heat.  The  Talue  o£ 
platinum  is  intermediate  between  that  of  gold  and  silyer,  and 
m  Russia  it  has  been  coined  into  money.  It  is  less  adapted 
for  articles  of  luxury  than  either  of  these  two  metals,  its 
colour  not  being  of  a  pure,  but  of  a  greyish  white,  and  its 
lustre  far  inferior  to  that  of  silver.  It  can  be  fused  by  the 
oxyhydrog^n  blow-pipe,  or  by  the  galvanic  battery. 

391.  Platinum,  like  gold,  is  dissolved  by  heating  it  for  a 
long  time  with  aqua  regia ;  and  a  dark-brown  solution  of  chlo- 
ride of  platinum  =  Pt  CI,  is  obtained  {solution  of  platmum), 
A  small  quantity  of  this  solution  can  easily  be  prepared  from 
one  or  more  pieces  of  spongy  platinum,  sudi  as  are  em- 
ployed in  the  Dobereiner  hydrogen-lamp. 

JSaperimenis  with  Platinum, 

392.  Finely  divided  Platinum* — Pkperiment, — Add  a  few 
drops  of  a  solution  of  platinum  to  a  solution  of  sal  ammoniac; 
the  two  salts  will  combine  together,  forming  a  yellow  insdiuble 
double  salt,  which  is  called  chloride  of  platinum  and  ammo- 
nium. After  settling,  decant  the  supernatant  liquid  ;  let  the 
precipitate  partly  dry  in  a  dish,  so  that  it  forms  a  moist  paste ; 
affix  it  to  a  platinum  wire,  several  times  bent,  |pid  hold  it  in 
the  flame  of  a  spirit-lamp.  The  sal  ammoniac  ffies  off,  but  the 
platinum  remains  behind  as  a  grey,  loosely  coherent,  porous 
mass,  the  so-called  spongy  platinum.  Whten  held  in  hydro- 
gen, it  becomes  red-hot,  and  inflames  the  gas.  (§  85.)  The 
porous  platinum  acts  on  gases  in  the  same  manner  as  the 
pump  of  an  air-gun,  only  far  more  rapidly  and  vigorously ; 
it  absorbs  them,  and  condenses  them  so  powerfully  together 
into  its  pores,  that  the  atoms  of  two  different  gases  often 
approach  each  other  sufficiently  near  to  combine  together 
chemically.  As  hydrogen  and  oxygen  are  in  this  instance 
compelled  to  unite,  so  the  spongy  platinum  can  force  many 
other  gases,  which  will  not  directly  combine  with  each  other, 
to  enter  into  combination. 

.  Pure  platinum  is  commonly  prepared  from  spongy  platinum, 
which  is  heated  to  whiteness  and  then  quickly  compressed  by 
strong  pressure.     A  compact  mass  is  thus  obtained^  which,  on 
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being  again  heated,  may  be  hammered  out  into  uniform  pieces, 
and  afterwards  rolled  into  plates,  drawn  out  into  wire,  or 
moulded  into  crucibles,  capsuSss,  dc. 

By  proper  chemical  means,  platinum  may  be  diyided  stiU 
more  minutely  than  in  the  case  of  spongy  platinum ;  it  k 
then  obtained  in  the  form  of  a  fine  black  powder^  whidi  pos- 
sesses, in  a  still  higher  degree  than  spongy  platinum,  the  power 
of  condensing  gases  into  its  pores ;  it  is  c^ed  platinum  black. 
If  some  alo(^l  be  dropped  upon  this  platinum  black,  ignition 
takes  place,  with  an  almost  instantaneous  conversion  of  the 
alcohol  into  acetic  acid.  The  reason  <^  this  change  is  to  be 
floaght  for  in  a  combination  of  the  alcohol  with  the  oxygen  of 
the  air,  which  is  effected  by  means  of  the  porous  platiniun 
black. 

393.  Experiment, — If  you  perform  the  experiment  described 
in  §  386  with  a  solution  of  platinum,  you  obtain  a  coating  of 
metallic  platinum  upon  the  glass.  The  combination  between 
this  metal  uid  chlorine  is  likewise  so  feeble,  that  heat  alone  is 
able  to  destroy  it. 

394.  Expei-iment. — ^Dissolve  one  of  the  salts  of  potassa,  and 
add  to  it  some  drops  of  solution  of  platinum;  here  also,  as 
in  §  392,  a  yellow  insoluble  precipitate  is  formed,  consisting  of 
potassium,  platinum,  and  chlorine.  The  solution  of  platinum 
serves,  therefore,  as  a  test  for  the  salts  of  potassa  (and  salts  of 
anunonia).  The  solution  of  platinum  is  precipitated  black  by 
sulphuretted  hydrogen  (sulphuret  of  platinum). 

Platinum  forms  with  oxygen  a  peroxide  and  a  protoxide ;  ^ 
likewise  with  chlorine,  a  perchloride  and  a  protochloride. 

Palladium,  Iridium,  Rhodium,  and  Osmium, 

395.  These  four  metals  are,  as  it  were,  the  satellites  of  pla- 
tinum. They  are  always  found  in  small  quantities  in  the  crude 
platinum  sand,  and  are  obtained  on  the  purification  of  the  latter, 
by  a  somewhat  elaborate  process.  They  also  have  the  character 
of  noble  metals. 

BETROSPECT  OF  THE  SECOND  GROUP  OF  THE  HEAVY  METALS. 

1.  The  metals  lead,  bismuth,  copper,  mercury,  silver,  gold, 
and  platinum  do  not  possess  the  power  of  decomposing  water, 
that  is,  of  abstracting  its  oxygen,  like  the  metals  of  the  first 
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group;  therefore,  concentrated  acids  must  be  employed  for  their 
solution. 

2.  Their  lowest  degrees  of  oxidation  are  bases,  while  their 
higher  degrees  comport  themselves  sometimes  like  bases,  some- 
times like  acids. 

3.  These  metals  most  frequently  occur  in  nature  uncombinedy 
or  as  sulphurets,  rarely  as  oxides. 

4.  They  have  a  greater  specific  weight  than  the  metals  pre- 
viously described ;  it  varies  from  8.8  to  21.5.  (That  of  iridium 
is  indeed  23.0.) 

o.  They  are  all  precipitated  as  black  sulphurets  by  sulphur- 
etted hydrogen  and  hydrosulphnret  of  ammonia ;  the  sulphurets 
of  gold  and  platinum  are  redissolved  by  the  latter  reagent. 

6.  The  metals  mercury,  silver,  gold,  and  platinum,  together 
with  the  last-named  associates  of  platinum,  are  called  noble 
metals,  because  they  remain  bright  in  the  air  or  in  water. 
When  oxidised  by  other  means,  by  acids,  for  instance,  the 
oxides  may  be  again  resolved  merely  by  heat  into  metal  and 
oxygen.  This  is  effected  with  the  ignoble  metals  only  by  the 
addition  of  a  reducing  agent,  as  by  charcoal. 

THIR  D  GROUP  OF  HEAVF  METALS 

TUNGSTEN,  MOLYBDENUM,  TELLURIUM,  TTTANIUM,  TANTALUM,  VANADn7|f} 
NIOBIUM,  PELOPIUM. 

396.  These  metals  occur  only  as  chemical  rarities,  and 
have  not  yet  found  any  useful  application.  Their  highest  de- 
grees of  oxidation  are  clearly  denned  adds.  The  first  two  are 
the  most  common,  as  they  are  sometimes  dug  out  from  tin 
mines, — tungsten  as  wolfram  ore,  and  molybdenum  as  sul- 
phuret  of  molybdenum,  or  molybdate  of  lead. 

CHROMIUM  (Cr). 
At  Wt  —  27.— Sp.  Gr. «  6. 

397.  Chromium  has  only  been  known  vdthin  a  few  decades, 
and  already  several  of  its  combinations  have  become  common 
and  valued  articles  of  commerce.  The  cause  of  this  rapid  ex- 
tension is  owing  to  the  beautiful  colour  of  many  of  the  prepa- 
rations of  chromium,  on  account  of  which  they  are  excdlently 
adapted  for  pigments.  This  also  has  given  rise  to  the  name 
chromium  (colour). 
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The  most  impoirtant  ore  of  chroimiimy  ckromate  of  iron^  an 
xDsigmBcaat  looking  black  mineral^  is  mostly  obtained  from 
North  America,  and  is  manufactured  in  England  into  a  red  salt, 
which  confflsts  of  potassa  and  ckroTmc  actd.  The  other  com* 
pounds  of  chromium  are  prepared  from  this  salt. 

^  ^-Q  398.   The  Bed  Ckromate  or   Biekro^ 

^'^^^'  nuite  cf  Fotassa  (K  O,  2  Cr  O3)  is  an 

acid  salt,  for  it  contains  two  atoms  of 
chromie  acid  and  one  atom  of  potassa,  and 
commonly  occurs  m  beautiful  tabular  or 
prismatic  crystals.  Rub  half  an  ounce  of  it 
with  Eye  ounces  of  water;  it  will  disscdve  in  it,  forming  an 
Ofange-ydlow  soIutioiL 

JBaperimeut — ^Add  to  one  half  of  this  solution  a  drachm  of 
carbonate  of  potassa,  and  cimcentrate  by  eraporation  the 
*>  whidb  has  become  of  a  pale  yellow  colour;  on, cooling, 
crystals  will  be  deposited.  These  con^  of  neutral 
ehramate  of  potassm  (K  O,  Cr  O3).  The  potassa  of  the  car- 
bonate of  potassa  has^  while  the  carbonic  acid  escaped,  com- 
bined with  the  second  atom  of  chromic  acid.  If  nitric  acid  is 
added  to  a  solution  of  the  yellow  salt,  the  liquid  becomes 
darkra*,  and  on  evi^ration  red  crystals  are  obtained,  mixed 
with  crystals  of  nitre.  It  is  obvious  that  the  nitric  acid  has 
alNitracted  half  of  the  potassa. 

399.  Ckromate  of  Oxide  of  Lead  (Ph  O,  Cr  O^),— Expert-^ 
meni, — Add  to  a  portion  of  the  solution  of  the  red  salt  a  solu- 
tion of  sugar  of  lead,  as  long  as  l^re  is  any  precipitate ;  this 
precipitate,  when  washed  and  dried,  is  the  well-known  chrome 
yeilow,  and  is  the  richest  and  most  Tirid  of  all  the  yellow  pig- 
ments. By  mixing  it  with  white  substances, — ^for  instance, 
dialk,  tale,  daj,  gypsum,  &c., — ^numerous  other  shades  of 
T^kw  are  obtamed,  as  new-imperial,  king^s,  Paris,  &c.,  yellow; 
Dat  by  mixing  it  with  Prussian  blue,  the  well-known  cheap 
green  pigments  are  obtained,  caHed  olive  green,  Naples  green, 
green  cinnabar,  &c. 

Experiment, — If  dirome  ydlow  is  stirred  up  with  water  and 
heated  with  some  carbonate  of  potassa,  it  passes  into  chrome 
&rangey  which  is  also  used  as  a  painter's  colour.  This  contains 
somewhat  less  chromic  acid  than  the  chrome  yellow;  accord- 
it^ly,  the  potassa  abstracts  from  the  chrome  yellow  a  portion 
of  the  chromic  acid,  which  is  rendered  apparent  by  the  yellow 
cdoor  of  the  liquid  filtered  off  from  the  chrome  orange. 

X 
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By  fusing  with  nitre,  still  more,  even  a  half,  of  the  chromic 
acid  may  be  withdrawn  from  the  chrome  yellow ;  in  this  way 
we  obtain  a  beautiful  red  colour,  almost  riyalling  that  of 
cinnabar,  chrome  red,  or  basic  chromate  of  oxide  of  lead 
(2  Pb  O,  Cr  O,).  Thus  we  see  that  the  colours  of  the  com- 
binations of  lead  comport  themselyes  inyersely  to  those  of 
the  combinations  of  potassa ;  the  chrome  yellow  passes  into 
orange  and  red  by  abstracting  chromic  acid,  white  yellow 
chromate  of  potassa,  on  the  contrary,  becomes  red  by  adding 
more  chromic  acid,  or,  what  amounts  to  the  same,  by  with- 
drawing potassa. 

^aperiment, — Chrome  yellow  has  obtained  also  a  yery  im- 
portant application  in  the  dyeing  and  printing  of  yams  and 
stuffs.  Eirst  dip  a  piece  of  calico  into  a  somtion  of  chro- 
mate of  potassa,  then,  after  it  has  become  dry,  into  a  solution 
of  sugar  of  lead ;  it  is  dyed  yellow.  If  you  now  boil  a  little 
quicMime  with  water  in  a  vessel,  and  then  dip  the  cotton, 
dyed  yellow  into  it  for  a  few  moments,  it  will  acquire  a 
reddish-yellow  colour,  because  the  lime,  just  like  the  carbonate 
of  potassa,  abstracts  some  chromic  aeid  from  the  chrome 
yellow.  It  is  scarcely  necessary  to  explain  any  further  why- 
chrome  yellow  cannot  be  used  for  painting  the  walls  of 
apartments.  Salts  of  zinc  and  barjrta  are  precipitated  yellow, 
salts  of  the  protoxide  of  mercury  brick-red,  and  salts  of  silver 
purple-red,  by  chromate  of  potassa. 

400.  Sesquioxide  of  Chromium  (Cr,  O3). — Ewpervment. — 
Boil  some  chrome  yellow  in  a  test-tube  with  muriatic  acid ; 
it  becomes  white,  and  the  liquid  green ;  the  white  residue 
consists  of  muriate  of  oxide  of  lead  (chloride  of  lead),  but 
the  liquid  holds  in  solution  muriate  of  the  sesquiomde  of 
chromivm  (sesquichloride  of  chromium).  Apiece  of  moistened 
litmus-paper,  or  of  paper  smeared  with  ink,  introduced  into 
the  tube  during  the  boning,  is  bleached,  as  chlorine  gas  escapes 
at  the  same  time.  The  process  is  analogous  to  that  of  the 
evolution  of  chlorine  from  black  oxide  of  manganese,  or  from 
aqua  regia ;  the  chromic  acid  gives  up  half  its  oxygen,  and 
becomes  green  sesquioxide  of  chromium,  but  the  oxjgen,  be- 
coming free,  abstracts  from  a  portion  of  the  munatic  acid 
its  hydrogen,  and  liberates  its  chlorine.  Decant  the  green 
solution,  dilute  it  with  water,  and  add  to  it  ammonia ;  the 
ammonia  combines  with  the  muriatic  acid,  and  the  sesqui- 
oxide  of  chromium  is  precipitated  as  a  hydrate  having  a  bluish- 
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green  colour.  Dried  and  ignited,  it  becomes  a  dark  green 
anhydr<yu8  oxide.  A  fine  green  is  produced  by  it  on  porcelain 
and  glass ;  accordingly  it  is  esteemed  as  a  yaluable  vitrifiable 
pigment. 

Experiment, — ^The  ease  with  which  chromic  acid  gives  up 
half  of  its  oxygen  may  also  be  shown  with  chromate  of 
potaasa.  Dissolve  in  a  test-tube  a  few  grains  of  red  chromate 
of  potassa  in  warm  water ;  add  a  few  <&ops  of  sulphuric  acid, 
and  heat  the  solution  still  more  strongly.  If  you  now  add  a 
little  sugar  or  some  drops  of  ^cohol  to  it,  a  brisk  ebullition 
ensues,  and  the  colour  of  the  solution  is  changed  from  red  to 
green;  sulphate  of  potassa  and  sulphate  of  sesquioxide  of 
chromium  are  now  contained  in  the  hquid. 

401.  Chromic  Acid  (Cr  Oj). — Experiment, — Beduce  to 
Fig.  160.  powder  half  an  ounce  of  red  chromate 

of  potassa,  put  it  into  a  porcelain  dish, 
and  then  aidd  half  an  ounce  of  water 
and  half  an  ounce  of  sulphuric  acid, 
and  heat  the  whole,  with  constant 
stirring,  for  five  minutes.  If  a  drop 
of  it  is  put  on  blotting-paper,  it  efier- 
vesces,  and  changes  its  yellowish-red 
colour  to  green.  When  the  vessel  is  entirely  cold,  add  an 
ounce  of  cold  water  to  the  thick  saline  mass,  stir  it  a  few 
minutes,  and  then  carefully  decant  the  liquid  into  a  beaker- 
glass.  What  remains  in  the  dish  is  sulphate  of  potassa ;  but 
.  we  have  in  the  liquid  a  solution  of  chromic  acid,  which  is 
precipitated  as  a  red  mass  by  adding  to  it  from  one  and  a  half 
to  two  ounces  of  common  sulphuric  acid.  Cover  the  beaker- 
glass  with  a  small  board,  set  it  aside  for  twenty-four  hours,  and 
then  carefully  pour  off  the  supernatant  acid  into  a  glass 
vessel,  and  transfer  the  red  paste  remaining  behind  to  a  new 
brick,*by  which  the  fluid  portion  is  completely  absorbed.  Afber 
twenty-four  hours,  during  which  time  the  precipitate  is  kept 
covered  with  a  dish,  you  obtain  the  chromic  acid,  as  a 
crystalline  red  powder,  which  must  be  scraped  off  from  the 
brick  with  a  glass  rod,  and  put  into  a  wide-mouthed  phial, 
provided  with  a  glass  stopper.  The  following  experiments 
^rill  illustrate  the  extreme  ease  with  which  this  highly  in- 
teresting body  decomposes  into  sesquioxide  of  chromium  and 
oxygen. 

x2 
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Eofperimemt  a. — 'Binse  out  a  tmnbleF  "wttk  strong  alediol, 
iii£Xk  throw  into  it  a  &w  grams  of  chromic  acid ;  t&  akohdk 
which  remoinB  adhenng  to  the  tmnbler  will  combme  with  hatf 
the  oxygen  of  the  chromic  acid,  with  such  energy,  thafc  il 
ignites  and  instantaneoBsly  bursts  into  flame.  Tlie  domge 
whieh  the  alcobd  has  hereby  undergone  is  at  once  rerealed 
br  tiw  odonr,  similar  to  that  of  the  Tin^ar  chambers ;  in 
the  latter,  the  akohpl  contained  in  the  spirit,  beer,  &€Uf 
dowly  imbibes  oxygen  from  the  air,  and  is  conTerted  into 
linear;  in  the  present  case  this  conversion  is  instax^aneoiKdj 
pro&ced  by  the  OTfgem  of  the  chromic  add. 

Saperimeni  I. — Mx  in  a  small  mcrtar  as  much  chroom 
acid  as  can  be  taken  up  on  the  pcnnt  of  a  knife  wilh  dEKMil 
one  quarter  as  mucii  of  powdered  camphor  (withoot  presesng 
vpoiL  it  strongly),  and  then  let  scnne  drops  of  alcohol  lall  from 
a  eonnderalide  h^ht  into  the  miortar;  instantaneous  ignition 
and  deflagration  ensoe,  almost  as  if  you  were  bvming  gon- 
powder.  The  residue  in  the  mortar  presents,  nSaeat  ^  de- 
eompositicm,  the  appearance  of  an  ete^mt  green  mossy  TOge- 
tation ;  it  consists  of  sesquioxide  of  diromiam,  which  at  the 
noment  of  its  fcomation  was  scattered  by  the  burning  cam- 
phor fumes,  and  was  thereby  most  delicately  subdivided. 

It  is  obvious  firom  this  action,  that  dbronde  add  may  be 
dassed  under  (me  and  the  same  cafcegc^  with  nitric  add, 
diLone  acid,  manganic  add,,  percodda  of  manganese,  peap- 
oizide  of  lead  and  dkdne  (and  the  flndy  difided  platinum) ; 
it  possesses  m  a  high  degree  t^  properly  of  foroing  otker 
bodies  into  a  cooibination  with  oxyg^o. 

ASTTIHONT,  STIBIUM  (Sb). 

At.  Wt  =  129.-Sp.  Gr.  =  6.7. 

402.  JMtimowf  has  a  lamellar  crystai^ne  texture,  and  a 
white  metallic  lustre,  like  bismmth,  mit  without  the  red  tint  d? 
the  latter;  it  far  exceeds  it  m  Iml^eness,  for  it  maybeeaailj 
rubbed  to  powder  in  a  mortar.  The  soluUe  pr^arationa  of 
antimony  are  undisgoised  enemies  to  animfd  nfe,  taoA.  cons&> 
quently  the  stomaeh  exerts  itself  to  remove  firom  the  body  aU 
suck  compounds  introduced  into  it.  This  is  effected  l^ 
vomUin^,  and  lor  the  v^  reason  (^  its  emetic  properties^ 
antimony  has  become  a  very  important  medicine. 


4D3«  Oxide  pf  AmUmomg  (Sb  O^.—ExperimnU.—Asisi' 
WODT  does  not  alter  in  ihe  air,  but  if  a  piece  of  it  is  heated 
mi  ebaiooal  behte  the  Mow-pipe,  it  soon  mdts,  and  bums 
vith  a  white  iame,  forming  an  caide,  which  partly  eecapes  as 
a  white  vigour,  and  is  putly  d^osited  as  a  coating  on  ihe 
charooaL  If  you  let  ihe  melted  metailie  globule  slowlj  cool, 
tiie  oxide  obndenses  into  crjBtaia,  whi(£  f(H*m  around  the 
inetai  an  €ipalfterdr  white  pointB.  When  thrown  into  a  pi^>ar 
ci^sule,  i^e  white  Rowing  globule  will  burst  into  a  multitude 
of  ffloiall  grains,  whidi  s£p  about  io^  some  iime,  leaving  in 
their  trail  a  pulTerulent  onde.  Antimony  graieiaUy  oontuns 
traces  of  arsenic ;  hence  the  smell,  like  that  of  ganie,  which 
almost  always  aeeompanies  its  fusion. 

404.  JmiUwionie  jicid  (Sh  O^). — ^If  antimony  is  troatedwiA 
nitric  acid,  it  takes  up  two  more  atoms  of  ozypen,  and  be- 
comes antimtmic  aeid,  a  yellowish  powikr,  insoluble  in  water 
and  acids.  At  a  glowing  heat  one  atom  of  oxygen  is  ei^dled 
&03n  this,  and  a  comp<Hind  o£  antimomc  acid  with  ande  of 
antimony  remains  bdiind,  which  may  be  regarded  as  rniti' 
momaus  add  (Sb  O4).  It  is  not  Tolatile  at  a  red  heat,  and 
has  the  property  of  io^ariang  to  glass  and  porcelain  a  yellow 
and  (Hrange  colour. 

JEg^erimefii. — ^If  some  powdered  antimony  be  heated  with 
mtrie  acid^  the  same  thing  occurs  as  with  tin ;  nam^y,  the 
metal  is  converted  into  a  white  powd^,  whidi  oonsiste  of  a 
mixture  of  both  d^rees  of  oxidation,  antimonic  acid  and 
oxide  of  antimony.  A  sdmilar  process  takes  place  by  midng 
powdered  antimony  with  nitze,  and  throwing  the  mixture 
mto  a  red-hot  crucible ;  in  this  case  only  ^timonic  add  k 
formed,  which  remains  behind  combiaed  with  the  potassa. 
The  cmtimoniMe  of  j^otasna  may  be  dissolved  by  boiling  in 
water,  and  is  then  used  as  a  test  for  the  salts  of  soda,  the  anti- 
monic acid  forming  with  the  soda  a  very  sparingly  soluble  salt, 

405.  Chloride  ofAnHmon^. — ^AQtimony  is  dissolved  only 
with  great' difficijlty  by  muriatic  acid;  a  solution  is  more 
readily  obtained  by  employiugsulphuret  of  antimony  instead 
of  metallic  antimony. 

Experiment. — Put  half  an  ounce  of  sulphuret  of  antimony 
into  a  capacious  flask ;  pour  over  it  two  ounces  and  a  half  of 
muriatic  acid,  and  heat  it  in  a  sand-bath,  at  first  moderately, 
but  afterwards  to  boiling ;  the  sulphuretted  hydrogen,  escap- 
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ing  in  large  quantities,  is  conducted  either  into  water  or  into 
nmk  of  lime,  hj  which  it  is  completely  absorbed.  The  sul- 
phuret  of  antimony  and  the  munatic  acid  are  converted  into 
sulphuretted  hydrogen  and  chloride  of  (mtimony  (muriate  of 
oxide  of  antimony).  Afber  several  dajs'  repose,  decant  the 
clear  liquid ;  it  contains  chloride  of  antimony  in  solution,  and 
was  formerly  called  hutter  of  emHmony.  By  continuously 
rubbing  some  drops  of  it  upon  an  iron  plate,  a  very  strongly 
adhering  coating  of  oxide  of  iron  is  produced,  which  impsffta 
to  the  iron  a  brown  appearance,  and  renders  it  less  liable  to 
rust.  In  this  way  the  well-known  colour  (browning)  is  given 
to  gun-barrels. 

The  liquid  obtained  as  a  secondary  product,  filtered  from 
the  milk  of  lime,  is  to  be  regarded  as  hydrated  sulpkuret  of 
calcium  ;  il^has  the  property  of  rendering  hair  so  loose  in  the 
skin,  that  it  may  easily  oe  pulled  out,  as  will  appear  if  a  piece 
of  calf-skin  is  sofbened  in  it  for  some  time. 

JEapervment, — ^By  pouring  one  ounce  of  the  liquid  muriate 
of  antimony  into  ten  ounces  of  hot  water,  a  decomposition 
and  turbidness  are  produced,  as  in  the  case  of  the  solution  of 
bismuth ;  the  precipitate  is  oxide  of  cmtimony  combined  with 
a  little  muriatic  acid.  "Wash  it  several  times  with  water,  by 
settling  and  decanting  the  liquid,  and  then  digest  it  for  an 
hour  with  a  solution  of  a  quiurter  of  an  ounce  of  carbonate  of 
soda  in  two  ounces  of  hot  water,  whereby  the  muriatic  acid  is 
completely  removed.  The  precipitate,  being  again  washed, 
yields,  when  dry,  a  white  powder  of  oxide  of  antimony.  The 
same  preparation  is  thus  obtained  in  a  moist  way,  as  by 
igniting  the  metallic  antimony.     (§  403.) 

406.  Tartar  Emetic  (K  0,  f  +  Sb  O3  T  +  2  H  0). — 
Experiment. — ^Boil  in  a  porcelain  dish  two  ounces  of  dis- 
tilled water,  and  during  the  boiling  stir  in  a  mixture  of  one 
drachm  of  oxide  of  antimony,  and  one  drachm  of  cream  of 
tartar.  "When  the  liquid  is  half  boiled  away,  filter  it  while 
boiling,  and  pour  one  half  of  it  into  one  ounce  of  strong 
alcohd,  but  set  the  other  half  aside.  In  both  cases  you  ob- 
tain a  white  salt,  ^^w^or  emetic;  in  the  latter  case  in  the 
form  of  crystals,  but  in  the  former  as  a  fine  powder,  because 
tartar  emetic  is  insoluble  in  alcohol,  and  consequently  is 
precipitated  by  it  from  its  solutions.    The  process  in  this 
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case  is  a  veiy  simple  one.  Cream  of  tartar  is  an  acid  salt, 
that  is,  a  combination  of  tartrate  of  potassa  with  free  tartaric 
acid ;  this  free  tartaric  acid  combines  with  the  oxide  of  anti- 
mony. Thus  we  obtain  tartrate  of  potassa  and  tartrate  of 
oxide  of  antimony,  which  unite  together,  forming  a  double 
salt,  tartar  emetic.  The  name  indicates  the  medicinal  ap- 
plication of  this  double  salt ;  it  is  the  most  usual  means  of 
inducing  vomiting.  One  grain  of  it,  dissolved  in  half  an 
ounce  of  sherry  wine,  forms  the  well-known  tome  of  an- 
timony.  One  ounce  of  tartar  emetic  requires  fifteen  ounces 
of  cold  water  for  solution. 

407.  ^J^hwret  of  Antimony, — Experiment  —  Add  some 
sulphuretted  hydrogen  to  a  solution  of  tartar  emetic  in 
water :  an  ^  orange-coloured  precipitate  of  sulphuret  of  anti- 
mony (Sb  S3)  is  obtained,  which  becomes  darker  on  dr3ring. 
Thus  the  combination  of  antimony  may  be  very  well  recog- 
nised, as  no  other  metal  yields  a  siuphuret  of  tins  colour. 

We  most  frequently  find  antimony  in  nature  having  this 
composition ;  but  the  native  sulphuret  of  antimony  has  quite 
another  colour,  namely,  steel-grey^  and  in  other  respects 
likewise  a  very  different  exterior  condition,  as  it  occurs  in 
heavy  compact  masses,  which  on  the  fractured  surface  ap- 
pear as  if  they  were  composed  of  small  shining  needles  or 
points.  On  account  of  this  appearance,  it  has  received  the 
name  of  prismatoidal  antimony  glance.  It  melts  even  in  the 
flame  of  a  candle,  and  hence  may  be  obtained  from  the 
different  sorts  of  rock  with  which  it  is  associated,  merely  by 
liquation.  When  pulverised,  it  forms  a  black-grey  shining 
powder,  which  is  employed  by  the  fSEU'mer  as  a  common 
remedy  in  the  diseases  of  domestic  animals.  It  is  commonly, 
but  erroneously,  called  antimony,  by  which  term  sulphtiret  of 
antimony  is  implied. 

Ijopperiment— Boil  a  small  qnantily  of  pulverised  grey 
sulphuret  of  antimony  with  a  solution  of  potassa,  let  it 
settle,  and  add  an  acid  to  the  decanted  liquid :  a  brownish- 
■  red  precipitate  is  produced,  likewise  sulphuret  of  antimony, 
which  was  dissolved  by  the  potassa.  This  sulphuret  of  an- 
timony (mixed  with  the  oxide),  which  in  the  apothecaiy's 
shop  is  called  Kermes  mineral,  is  much  more  finely  divided 
(§  129)  than  the  grey,  and  thereby  acquires  the  red  colour ; 
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tlie  diTiflioii  is  still  greater  in  the  onmge-ooloured  sulphuret, 
prepared  firom  tartar  emetic. 

These  three  combinatioiis,  the  orange,  the  red,  and  grej 
anlphureta  of  antimony,  ha;re  quite  a  similar  compodiion ; 
thej  are  one  and  the  same  bodj,  onlj  existing  in  different 
MMTtme  states. 

A  still  higher  snlnhuret  of  antimony  (Sb  Sj)  oecurs  in  the 
pharmacopoeias,  under  the  name  of  the  golden  9fdpkwret^  as 
an  important  medicine.  It  has  an  orange  colour,  and  cor- 
responds in  its  consUtut^n  to  antimonic  acid,  as  the  grey  or 
red  sulphuret  corresponds  to  the  oxide  of  antimcmy. 

For  AtUvmotUwretted  Hydrogen,  see  §  418. 

408.  Preparation  of  Antimony, — In  order  to  separate  lae- 
tallic  antimony  from  the  sulphuret,  it  is  only  necessary  to 
fuse  it  with  iron,  which  has  a  greatw  affinity  for  the  sulphinr, 
and  unites  with  it,  forming  sulphuret  of  iron.  On  cooling, 
the  heavy  metallic  antimony  settles  at  the  very  bottom. 

409.  Alloys  of  Antimony, — Of  the  alloys  which  antimony 
forms  with  other  metals,  that  with  lead,  from  which  types 
are  cast,  deserves  especial  notice.  Lead  alone  is  much  too 
soft  to  be  employed  for  this  purpose,  but  if  from  an  eighth 
to  a  twelfth  part  of  antimony  is  mixed  with  it,  it  acquires 
such  a  degree  of  hardness,  that  types  cast  from  it  may  be 
used  for  printing  many  thousand  times  without  losing  their 
sharp  edges. 

ABSEin:G,  aesbnioxjm:  (As). 

At.  Wt.  ^  76.— Sp.  Gr.  =  6.7. 

410.  Poisonous  as  a/rsenicy  is  almost  a  proverbial  expres- 
sion, and  it  shows,  in  this  respect,  at  least,  that  arsenic  is 
well  knovm,  and  in  sufficiently  bad  repute.  In  fact,  it  is 
placed  among  the  metallic  poisons ,  and  a  very  small  quantity 
of  it  produces  a  fEital  effect,  unless  antidotes  are  quickly 
administered.  Happily,  in  recent  times,  a  means  has  been 
discovered,  in  the  hyirated  sesquioxide  of  iron  (iron-rust),  by 
which  most  of  the  combinations  of  arsenic  may  be  rendered, 
even  in  the  stomach,  insoluble,  and  thereby  harmless.  Be- 
fore this  remedy  and  the  aid  of  the  physician  can  be  procured, 
it  is  well  in  cases  of  poisoning  by  arsenic,  as  in  cases  of  poison 
generally,  to  administer  mi&,  white  of  eggs,  soi^siuia,  or 
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sugar.  On  aoootmt  of  tilie  dsngearous  effects  of  aneilie,  the 
greatest  eare  must  be  taken,  in  experimenting  with  it,  not  to 
mhide  its  dost  or  Tapour;  the  yessels  that  contam  it  mnst 
also  be  moat  caiefolly  washed,  and  the  water  used  for  this 
pnzpose  should  be  emptied  into  some  plaoe  not  accessiUe  to 
domestie  animals. 

41L  Metallie  Aneme. — ^Metallic  arsenic  is  not  unfre- 
qnend^  found  in  the  earth,  as  %  lead-grey  we,  of  strong 
metaUic  lustre.  The  artificially  pr^ared  metallic  arsenic, 
which  soon  tarnishes  and  assun^s  medley  colours  in  the  air, 
and  finally  fidls  into  a  coarso  grey  powder,  is  kept  on  hand  in 
1^  apothecaries'  shops,  undar  &e  name  of  fly-poison.  If 
boiled  with  water,  the  film  <^  oxidised  arsenic  dissolTes,  and 
a  yer^ poisonous  liquid  is  obtained  (fly-water).  A  firesh  film 
of  oxide  iR  produced  upon  the  metal  which  remains,  and  thus 
is  yery  easuy  es^lained  why,  after  a  time,  a  new  poisonous 
sdation  can  again  be  pr^[>ued  firom  it,  without  any  percep- 
tible decrease  of  the  origmal  powder. 

JSja!]permeiiU, — ^Put  a  piece  of 
arsenic  of  the  size  of  a  millet- 
seed  into  a  glass  tube,  hold  the 
latter  by  one  end,  and  heat  it ; 
the  arsenic  volatilises  at  366°  P. 
(180°  C),  and  d^osits  itself  on 
the  upper  portion  of  the  tube 
as  a  hrilUamt  black  mirror;  the 
smdl  cf  garlic,  pecuHar  to  the  fumes  of  arsenic,  being  at  the 
same  tiistte  given  off.  These  two  tests  are  employed  as  very 
aecnnte  for  detecting  the  presence  of  arsenic  in  oth^  bodies. 
Phosphorus,  when  exposed  to  the  air,  emits,  likewise,  the 
odour  of  garlic.  If  this  indicates  a  similarity  in  these  two 
bodies,  t&  resemblance  is  rendered  stiU  more  striking,  by 
arsenic  behaving  very  much  like  phosphorus  in  its  combina- 
tions  with  other  substances. 

412.  White  Jrsenic,  or  Arsenious  Acid  (As  Oj). 
iExpervment, — ^Let  the  arsenical  mirror  obtained  in  the 
above  experim^it  be  heated  once  more,  but  in  an  open  tube ; 
it  is  converted  into  a  vapour,  which  condenses  on  the  colder 
parts  of  <^  tube,  partly  in  small  white  crystals,  parily  as 
powdfflr.    Before  the  magnifying-glass  these  crystals  i^pear 
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as  four-sided  double  pyramids  (octahedrons) ;  their  consti- 
tuent parts  are  arsenic  and  oxygen,  and  they  are  called 
arsenious  acid,  white  arsenic,  or  ratsbane.  When  arsenic  is 
spoken  of  in  a  popular  sense,  the  white  arsenic  is  always 
implied.  It  is  obtamed  on  a  large  scale,  —  a.)  as  a  secondary 
product  in  the  roasting  of  tin,  silver,  and  cobalt  ores;  h,)  as 
a  principal  product,  by  heitting  arseniical  ores  with  access  of 
air  (in  the  arsenical  furnaces  in  Saxony  and  Silesia).  In 
both  cases  the  arsenious  acid  passes  off  as  vapour,  with  the 
smoke,  which  must  therefore  be  conducted  through  long^ 
horizontal  chimneys,  till  it  cools,  and  the  arsenious  acid  con- 
denses as  a  powder  (white  arsenic).  White  arsenic  is  often 
resublimed  in  some  appropriate  apparatus,  and  is  then 
obtained  as  amorphous  arsenious  add,  in  solid  transparent 
pieces.  These  after  a  time  become  opaque  and  mUh-white, 
Bke  porcelain,  without  changing  their  constitution ;  another 
example  that,  even  in  solid  bodies,  atoms  can  alter  their 
relative  situations.  (§  280.) 

Arsenious  acid  is  especially  distinguished  from  the  other 
metallic  oxides  by  its  solubility  in  water,  which,  indeed,  is 
not  very  great,  since  one  grain  of  it  requires  fifty  grains  of 
cold  water,  or  from  ten  to  twelve  grains  of  boiling  water, 
for  solution;  but  it  is  sufficiently  soluble  to  render  these 
solutions  exceedingly  dangerous  poisons.  White  arsenic  is 
generally  employed  for  killing  rats,  moles,  and  other  trouble- 
some house  or  field  animals ;  for  this  purpose  coloured  arsenic 
only  should  be  purchased,  as  the  wliite  arsenic  looks  very 
much  like  sugar  or  flour,  and  might  easily  be  mistaken  for 
them.  In  order  to  prevent  its  being  carried  off,  it  is  best  to 
strew  powdered  arsenic  over  broiled  rinds  of  pork,  or  broiled 
fish,  nailed  upon  boards.  K  the  poison  is  put  in  stables, 
the  fodder-troughs  should  be  carefolly  covered  over,  that  the 
poisoned  rats  may  not  vomit  the  poison  into  them. 

Arsenious  acid,  like  the  perchloride  of  mercury,  prevents 
the  decay  of  organic  substances ;  therefore  the  skins  of  ani- 
mals intended  for  shipping  are  rubbed  with  arsenic  upon  the 
flesh  side. 

Arsenious  acid  readily  gives  up  its  o^gen  in  the  heat  to 
other  bodies ;  for  this  reason  it  is  added  by  glass-makers  to 
melted  glass,  to  convert  its  black  or  green  colour  into  yellow. 
It  acts  like  black  oxide  of  manganese  (§  297) ;  namely,  it 
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oxidises  the  protoxide  into  sesquioxide  of  iron.  A  solution 
of  white  arsenic  and  mercury  in  nitric  acid  is  used  by  hat- 
makers  to  remoye  the  shining  smooth  coating  from  the  fur  of 
hares. 

413..  Seduction  of  White  Arsenic. 

Fig.  162.  ^Ekperiment. — Draw  out  a  glass  tube  into  a 
point,  introduce  into  it  a  very  little  arsenious  acid, 
and  put  upon  it  a  splinter  of  charcoal ;  then  heat 
the  tube  to  redness  in  the  flame  of  a  spirit-lamp, 
first  at  the  place  where  the  charcoal  lies,  and  after- 
wards at  the  pointed  extremiiy  of  the  tube ;  the 
gkss  becomes  coated  on  the  inside  above  the  charcoal 
with  a  black  metallic  mirror^  because  the  oxygen  is 
withdrawn  from  the  vapours  of  the  arsenious  acid 

f  while  they  pass  over  the  glowing  charcoal.  This  is 
one  of  the  surest  method!  of  detecting  small  quan- 
tities of  arsenic. 

414.  Ckmbvnations  of  White  Arsenic  with  Bases. 

JEaperiment. — 11  ten  grains  of  arsenious  acid  and  twenty 
grains  of  carbonate  of  potassa  are  heated  with  half  an  ounce 
of  water,  the  arsenic  very  readily  dissolves,  and  a  solution  of 
arsenite  of  potassa  is  obtained. 

a.)  Add  gradually  to  one-half  of  this  liquid  a  solution  of 
fifteen  grains  of  blue  vitriol  in  half  an  ounce  of  hot  water ;  a 
yellowish-green  precipitate  soon  subsides,  which,  on  drying, 
passes  over  into  a  dark  green.  This  arsenite  of  oxtde  of 
copper  occurs  in  commerce  under  the  name  of  Scheele^s 
green. 

h.)  The  other  half  of  the  solution  is  likewise  mixed  in  a 
flask  with  a  solution  of  fifteen  grains  of  blue  vitriol  in  half  an 
ounce  of  water,  and  then  acetic  acid  (concentrated  vinegar) 
is  added  as  long  as  eflervescence  continues ;  the  whole  is  tiien 
boiled  for  five  minutes,  after  which  the  flask  is  put  in  a  basin 
of  hot  water,  that  the  cooling  may  take  place  verif  slowly. 
We  obtain  in  this  way,  after  twenty-four  hours'  repose,  a 
double  compound  of  arsenite  and  acetate  of  copper,  which,  on 
account  of  its  splendid  green  colour,  is  extensively  used  as  a 
pigment.     Of  its  jiumerous  names,  those  most  known  are 
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Sekwemjurth  green,  wrt  de  wdHs,  and  Jlmma  green,  Tkit 
colour  is  ae  poiionoui  as  wkdie  arnemie  ;  heace  extreme  eKoAi<m 
in  the  use  of  it  cannot  be  too  strenuouslj  urged.    It  waaj 

even  prove  dangerous  as  a  green  paint  for  rooms,  mee, 
under  some  circumstances,  volatile  combinations  of  arsenic 
are  formed  &om  it,  and  mix  with  the  air. 

415.  Arsenic  Acid  (As  O5). — ^If  araeniona  acid  is  boiled 

vnth  nitric  acid,  it  takes  from  the  latter  two  addi- 
ng. 168.   tional  atoms  of  oxygen,  and  becomes  arsenic  €und. 
ylK      The  same  acid  is  oDtained,  combined  with  potassa, 
^4|n     by  fusing  together  arsenious  acid  and  nitre.     The 
Inarseniaie  (^potassa  thus  produced,  which  oystal- 
lises  in  beautiful  four-sided  prisms,  has  hitherto 
been  consumed  in  immense  quantities  in  calico- 
printing,  not  so  much  to  produce  colours  as  to  pre- 
vent their  formation  on  certain  parts  of  the  texture. 

416,  Sulphuret  of  Arsenic, — Experiment, — ^Dissolve  some 
grains  of  arsenious  acid  ip.  boiling  water,  and  add  to  the  solu- 
tion sulphuretted  hydrogen ;  a  precipitate  oi  yellow  sulphur et 
of  arsenic  (As  S3)  is  formed,  three  atoms  of  sulphur  replacing 
three  atoms  of  oxygen.  In  this  way  arsenic  may  easily  be 
detected  in  liquids,  and  separated  from  them,  liie  salts  of 
cadmium  and  oxide  of  tin  are  the  only  ones,  exo^t  arsenic^ 
which  give  a  yellow  precipitate  with  sulphuretted  hydrogen.* 
Sulphuret  of  arsenic  is  redissolved  by  hydiosuiphuret  of  am- 
monia. 

Sulphuret  of  arsenic  also  occurs  native,  and  is  called  orp»- 
i»enty  or  king's  yellow,  and  was  form^y  used  as  a  yellow  pig- 
ment ;  but  it  is  earnestly  advised  never  to  employ  this  tmsna 
in  the  painting  of  rooms,  as  it  evolves  upon  lm»  walls  an  ex<* 
ceedingly  poisonous  gas  (arseniuretted  hydrogen),  A  sort  of 
yellow  arsenic,  having  the  colour  of  yellow  wax  or  porcelain, 
is  also  prepared  in  arsenical  works  by  the  suUimation  of 
white  arsemc  with  a  little  sulphur.  This  consists  {irincipa]]^ 
of  arsenious  acid,  and  contains  but  a  small  quantity  of  «vS* 
phuret  of  arsenic. 

A  combination  of  arsenic  with  one  atom  less  of  sulphur 
(As  S,),  which  is  sometimes  transparent,  like  ruby-red  co- 
loured glass,  and  sometimes  opaque,  like  brownish-red  pw- 

*  The  salts  of  antiinony  are  precipitated  of  an  oraoge-yeBar  oolour  by  sulphur- 
etted hydrogen. 
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TrepoTotiom  rfAneme. — Anouc  is  most  freqnenilj  found 
oombined  wii^  sulfur  and  iron,  aa  anenical  pyrites.  Most; 
cf  tbe  white  araraiie  is  pr^aied  firom  this  ore  oy  roasting  it 
in  a  rererberatoij  fomaeey  and,  as  already  mentioned,  con- 
^W«^g  in  p<^M)ik-tovers  the  fumes  containing  arsenious  acid. 
The  iron  and  sulphur  are  oxidised  at  the  same  time  with  the 
araoat;  hut  the  oxidised  iron  remains  behind,  and  the 
flff^^^^<^  su^ur  (S  0|)  escspos  with  the  smoke  into  the  air. 
417.  Arsemwretted  Hydrogen  Gas  (As  H3). — JSsperimeut, 
— ^Introduce  into  a  small  flask  dihited  sul- 
phurie  aeid  and  some  pieces  of  zinc,  and  let 
the  hjckrogen  which  is  evolved  esci^  through 
a  tube  drawn  out  to  a  point,  and  after  same 
time  ignite  it  (§  85) ;  you  obtain  in  this 
manner  a  hydrogen-lamp.  If  you  hold  a 
glased  poreelain  cimsule  for  a  few  moments  in 
the  flame,  you  will  perceive  upon  it  only  a 
circle  of  small  dro^  of  water,  which  form 
during  the  combustion  of  the  hydrogen,  and 
condense  on  the  cold  portion.  Ifyounowdip 
a  piece  of  wood  into  Schweinfurth  green^  so 
tliat  only  a  little  of  it  shall  remain  adhering 
to  the  wood,  and  introduce  it  into  the  flask, 
the  flame,  after  the  gas  has  been  rekindled, 
win  present  a  bluish  white  appearance,  and 
will  deposit  on  the  porcelain  held  in  it  a  htach  or  hrown 
shMimg  srpot  (mirror) ;  this  mirror  is  metallic  arsenic.  Like 
Solplmr  and  phosphorus,  arsenic  also  will  combine  with 
hyorogen,  fbrmlug  a  kind  of  gas,  which,  in  company  with  the 
£ree  hydrogen,  escapes  and  oums.  The  flame  is  cooled  by  a 
add  bo^  below  the  temperature  which  arsenic  requires  for 
burning ;  hence  the  latter  condenses  on  the  porcelam,  just  in 
the  same  way  as  carbon  or  soot  is  deposited  on  it  when  held 
in  the  flame  of  a  candle.  The  carbon  separates  as  a  light, 
pulverulent  body,  arsenic  as  a  coherent  mirror.  This  in- 
credildy  sensi^ve  test  is  called,  after  its  inventor.  Marshes  or- 
senieal  test.  It  follows  firom  Idie  previous  remarks  that  care 
should  be  taken  not  to  inhale  the  esc^[ang  gas,  particularly 
the  unbumt  gas ;  but  here  more  than  ordmarj  caution isne- 
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cessarj,  as  arseniuretted  hydrogen  is  a  most  poUonom  gus^  and 
one  to  which  some  chemists  have  already  fallen  a  sacrifice. 

418.  AnHmoniuretted  JSifd/rogen, — JSaperiment. — Bepeat 
the  same  experiment,  substituting  tartar  emetic  for  Schwein- 
furth  green ;  black  spots  are  in  this  case  also  deposited  on 
the  porcelam,  but  they  are  darker,  and  often  have  a  sooty 
appearance ;  they  consist  of  metallic  antimony.  To  distin- 
guish spotd  of  antimony  with  certainty  from  spots  of  arsenic, 
drop  upon  them  a  solution  of  chloride  of  lime ;  the  spots  of 
antimony  remain  unchanged,  while  the  arsenical  mirrors  dis- 
solve immediately. 

Antimony  and  arsenic  are  the  only  metals  which  combine 
with  "hy&rogen  ;  they  comport  themselves  in  this  respect  like 
the  metalloids ;  they  may  De  regarded  as  the  link,  the  bridge, 
which  joins  the  territory  of  the  non-metallic  bodies  or  me^- 
loids  with  the  metals. 

BETBOSPEOT  OF  THE  THIBD  aBOTJP  OP  THE  HEATY  METALS. 

1.  The  metals  chromium,  antimony,  and  arsenic,  together 
with  the  previously-mentioned  rarer  metals,  cannot  decom- 
pose water ;  therefore  concentrated  acids  must  be  employed 
for  their  solution. 

2.  Their  lower  degrees  of  oxidation  comport  themselves 
sometimes  like  bases,  and  sometimes  like  adds,  but  the 
higher  only  as  adds, 

3.  These  metals  occur  most  frequently  in  nature  combined 
with  sulphur. 

4.  Antimony  and  arsenic  are  precipitated  from  their  solu- 
tions as  sulphurets  by  sulphuretted  nydrogen,  but  are  re- 
dissolved  by  hydrosulphuret  of  ammonia.  Chromium  is  not 
converted  into  a  sulphuret  by  sulphuretted  hydrogen. 

5.  Antimony  and  arsenic  can,  like  the  metalloids,  unite 
with  hydrogen,  forming  gaseous  compounds. 

BETBOSPEOT  OF  ALL  THE  ICETALS. 

MetaU. 

1.  AIL  metak  have  a  peculiar  lustre^  are  opaque,  and  the 
best  conductors  of  heat  and  electricity. 

2.  Most  of  the  metals  will  crystallise  on  cooling  slowly 
(most  commonly  in  cubes). 
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8.  All  the  metals  oire/wible,  but  at  very  diflTerent  degrees 
of  heat ;  many  of  them,  also,  may  be  volatilised, 

4i,  All  metals  can  combine  with  oxygen,  sulphur,  and 
chlorine, 

6.  They  likewise  combine  with  each  other  when  they  are 
fused  together  (alloys). 

Metallic  Oxides, 

6.  Most  of  the  metals  form  hasic  oxides  with  oxygen. 
Almost  all  the  metallic  oxides  are  insoluble  in  water.       ^ 

7.  Many  metals  possess  one  known  degree  only  of  oonda- 
tion,  but  most  of  them  have  two,  some,  indeed,  three,  four, 
and  even  five  degrees  of  oxidation.  The  highest  comport 
tbemselyes  as  acids. 

8.  Metallic  oxides  may  be  prepared  from  the  metals : 
a.)  By  exposure  to  moist  air. 

h,)  By  heating  with  access  of  air. 

c)  By  decomposition  of  water  at  the  ordinary  tempera- 
ture. 

d,)  By  decomposition  of  water  at  a  red  heat. 

e,)  By  decomposition  of  water  with  the  aid  of  an  acid, 
and  precipitation  by  a  strong  base. 

/.)  By  treating  with  concentrated  acids,  and  precipita- 
tion by  a  strong  base. 

g.)  By  heatmg  with  nitre  or  chlorate  of  potassa. 

9.  The  metallic  oxides  may  be  deoxidised  or  reduced  to 
metals : 

a,)  By  mere  heating  Tnoble  metab). 

h,)  By  heating  with  charcoal. 

c.)  By  heating  in  hydrogen  gas. 

d,)  By  a  more  electro-positive  metal  (having  a  greater 

affinity  for  oxygen). 
e.)  By  the  galvanic  current. 

Metallic  Sulphurets, 

10.  The  sulphurets  of  the  light  metals  are  soluble  in 
water,  those  of  the  heavy  metals  are,  on  the  contrary,  in- 
soluble. 

11.  A  metal  has  commonly  as  many  degrees  of  sulphura- 
tion  as  of  oxidation. 

12.  The  metallic  sulphurets  may  he  prepared, — 
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o.)  Direetlj  Ij  robfamg  or  meltmg  togetiher  snlpinir 
and  a  metal,  or  bj  heatmg  ihe  metal  in  the  fames 

5.)  By  adding  sulphuretted  hydrogen  or  hydroBu]^hTii«t 

of  ammonia  to  a  metallic  oxide  or  salt. 
c.)  By  heating  metallic  sulphates  with  charcoaL 

13.  Sulphur  may  be  eiqpelLed  from  the  metallic  sul- 
phurets, — 

a.)  By  heating  thCTn  wi&  access  of  air  (roastii^). 
^h.)  !l^  a  more  electro-poflitiTe  metid. 
e.)  By  heating  in  steam. 
d.y  By  heating  wi^  strong  acids. 

Metallic  Chlorides. 

14.  Most  of  the  metallic  chlcwides  maybe  crystallised,  and 
are  soluble  in  water. 

15.  As  a  general  rule,  a  metal  combines  in  as  many  pro- 
portions wit^  chlorine  as  it  has  degrees  of  oxidation. 

16.  Metallic  chlorides  are  ^repared^ — 

a.)  By  bringing  the  metals  or  metallic  oxides  into  con- 
tact with  chlorine. 

h.)  By  dissolying  metals  in  muriate  acid. 

e.y  By  dissolving  metals  in  aqua  regia. 

d.)  By  double  elective  afilnity,  on  mking  metallic  chlo- 
rides with  oxygen  salts. 

17.  Chlorine  may  be  «^^Mira<A^fr(nntiie  metals, — 
a.)  By  mere  heating  (the  noble  metals  only). 
h.)  By  heating  in  hydrogen  gas. 

(?.)  By  a  more  eleclio-posifcive  metal. 

d,)  By  a  stronger  acid,  for  instance,  sulphuric  ac^. 

The  Oopygen  SaUt, 

18.  Every  acid  usually  forms  a  salt  veith  every  metallic 
base ;  hence,  there  is  an  infinite  number  of  salts. 

19.  Suboxides  must  receive  oxys^en  and  superoxides  part 
with  it  before  they  can  combine  with  acids. 

20.  Most  of  the  salts  may  be  crystallised,  sometimea  with 
and  sometimes  without  water  of  crystallisation. 

21.  The  salts  behave  yery  differently  towards  vmter ;  some 
dissolve  in  it  very  easily,  others  with  difficulty,  and  others 
not  at  all. 
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22.  Saitsms^  he  prepared, — 

a.)  By  exposing  metals  to  the  air. 
&.)  Bj  dissolying  them  or  th^  ozidea  in  acids. 
e.y  Bj  decompofiitioit  g£  Hhe  metallic  sulplmrets  with 
adds;  abo  by  a  BposataBeons  weathering  of  the 
metallic  snlphnrets. 
d.)  Bj  mntoal  decQmpositiQn  by  meana  of  predispotsong 
simple  or  double  elective  affinify. 
2B.  Many  of  the  salts,  b^  mere  heatii]^,  lose  their  adds, 
which  either  escape  (carbonic  acid),  or  bum  away  (organic 
acids). 

24.  The  salts,  like  the  oxides,  may  be  reduced  to  metak. 
If  this  is  effected  by  ignition  with  charcoal,  it  is  necessary 
ta  superadd  a  strong  raae  (carbonate  of  soda,  lime),  which 
ateacts  the  acid  firom  the  ult. 

Occurrence  ofMetdU  in  Watvare. 

25.  The  metalB  prindpally  occur  native  in  five  forms,  viz. : 
1.  uncombined,  or  massive;  2.  combined  with  sulphur,  as  py- 
rites, glance,  and  blende;  3.  with  arsenic,  as  arseniurets; 
4.  with  oxygen^  as  asides ;  5.  with  oscygen  united  with  acidSf 
as  salts. 

Of  the  best  known  metals,  the  following  occur  the  most 
frequently: 


1.  Pure.                   2. 

As  SulpTinrets. 

3.  As  ArsemuTi 

Gold, 

Lead, 

Cobalt, 

Platinum, 

Antimony, 

Nickel, 

Silver, 

Copper, 

Sliver, 

Bismuth, 

Silver, 

Iron. 

Mercray, 

Arsenic. 

Arsenic, 

Iron, 

Zinc. 

4.  As  Oxides, 

5. 

As  Salts. 

Manganese, 

Potassium  and  Sodium, 

Tin, 

Barium  and  Strontium, 

Iron, 

Caldum  and  Magnesium, 

Chromium, 

AliiTniTiinTnj 

Zinc, 

Zinc  and  Iron, 

Uranium, 

Lead  and  Copper. 

Copper. 
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Cflassifieation  of  the  more  common  Chemical  MemenU, 
It  is  very  difficult  so  to  classify  the  chemical  elements, — 
so  to  bring  them,  as  it  were,  into  rank  and  file, — ^as  to  present 
at  the  same  time  a  correct  idea  of  their  external  and  internal 
properties,  and  of  their  affinities  for  each  other.  In  the  Mr 
lowmg  scheme,  the  two  elements  which  are  the  most  dis- 
similar, the  most  opposed, — ^namely,  the  most  electro-negati? e 
(most  acid),  oxygen,  and  the  most  electro-positive  (most 
basic),  potassium, — ^form  the  two  final  members  of  the  sencB ; 
then  the  former  is  succeeded  hj  those  bodies  which  comport 
themselves  like  oxye^en  in  their  properties  and  combinati(ms, 
while  potassium  is  lollowed  by  those  similar  to  itself.  At  the 
junction  of  the  two  series,  the  undecided  elements  are  found 
— ^those  comporting  themselves  sometimes  negatively  and 
sometimes  positively.  If  it  is  a  law  in  chemistry,  that  hodisi 
combine  together  so  muck  the  more  eagerly  the  more  dissimilar 
they  are  to  each  other,  while  bodies  similar  in  th6ir  properties 
show  at  most  only  a  very  slight  inclination  to  combine,  then 
this  scheme  ma^  present  to  us  at  the  same  time  a  probable 
idea  of  the  affinities  of  the  elements  for  each  other.  Those 
bodies  most  remote  from  each  other  in  the  series  have  a  great 
desire  to  combine,  while  those  the  nearest  to  each  other  have  but. 
little  or  no  desire  to  unite.  Thus,  oxygen  Tnost  readily  de- 
sires to  unite  with  potassium,  next  with  sodium,  next' with 
calcium,  barium,  and  so  on ;  it  comports  itself  most  in* 
differently  towards  fluorine.  Potassium,  on  the  other  hand, 
shows  the  greatest  affinity  for  oxygen,  then  for  the  salt- 
formers,  sulphur,  &c. ;  but  the  least  affinity  for  its  neigh- 
bours and  kindred,  sodium,  barium,  &c.  Let  it  be  distinctly 
understood,  however,  that  this  scale  of  affinity  is  a  very  fluctu- 
ating one,  and  is  subject  in  many  cases  to  important  modifi- 
cations. 
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Oxygen 
Huorine 
Chlorine 
IBromine 
Iodine 
Sulpliup 
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Kitrogen 
Carbon 
Boron 
Silicon 
Arsenic 
Antimony 
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Potassium 

E  Sodium 
Barium  and  Strontium 
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I  Calcium  andMagnesium 

o*  Aluminium 

I  Chromium 
5  Manganese 
J:  Iron 


Zinc 
.•f  Nickel  and  Cobalt 
f  Lead  and  Bismuth 
Copper 
^  Mercury 


Silver 

"^om**   Platinum  and  Gbld 
Hydrogen. 
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PART   11. 
ORGANIC    CHEMISTRY. 


VEGETABLE  MATTER. 

419.  An  inscrutable  wisdom  has  given  to  the  seed  the 
power  of  germinating  in  moist  air,  and  of  growing  up  into  a 
plant,  which  puts  forth  leaves,  flowers,  arS  fioiit,  and  then 
perishes  and  disappears.  Germination,  growth,  flowering, 
mictiflcation,  and  decay  are  the  principu  stages  of  exist- 
ence  through  which  plants  have  to  pass.  "When  thej  have 
produced  seeds — ^that  is,  new  bo(Hes  capable  of  life — ^they 
have  fulfilled  their  destiny,  and  their  course  then  ten& 
downwards  to  decav.  "Wnei^er  they  live  only  one  short 
summer,  or  survive  hundreds  of  years,  the  general  principle 
remains  essentially  the  same. 

The  Divine  agency  which  effects  these  changes,  and  calls 
forth  the  phenomena  of  life  in  the  vegetable  world,  is,  in  its 
essence,  wholly  unknown  to  us.  A  particular  name,  mi(il 
power^  has,  indeed,  been  given  to  it,  but  from  this  we  derive 
no  clearer  conception  or  understanding  of  it.  Its  o|)erations 
are  conducted  in  such  a  mysterious  manner,  that  it  is  not 
probable  that  the  vague  speculations  of  the  inquiring  mind 
on  this  point  will  ever  lead  to  bright  or  clear  ideas  here 
below.  We  feel,  indeed,  the  rushing  of  the  vital  current  in 
the  joy  which  penetrates  us  when  in  the  spring  this  force 
causes  the  buds  to  expand,  and  covers  the  earth  with  showers 
of  blossoms,  as  well  as  in  the  melancholy  which  seizes  upon 
US  when  in  the  autumn  the  withering  of  the  leaves  announces 
to  us  its  departure ;  but  whence  this  force  comes,  and  whither 
it  goes,  and  how  it  calls  forth,  as  it  were  by  magic,  the 
wonders  of  the  vegetable  world,  we  ace,  indeed,  absolutely 
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ignorant.    That  only  which  it  produces,  and  from  whidi  it 
was  produced,  are  comprehensible  to  our  senses. 

420.  There  are  two  ways  open  to  the  inquirer,  by  which  he 
may  gain  a  partial  insight  into  the  mysterious  workshop  of 
vegeteble  life : — 1st,  that  of  ohservaHon,  which,  by  the  aid  of 
the  microscope  especially,  has  led  to  a  yery  accurate  Imow- 
led^e  of  the  structure  of  plants,  and  of  the  changes  which 
their  separate  parts  (organs)  undergo  during  their  growth; 
2nd,  that  of  chemical  erperimetU,  by  which  the  constituents 
of  plants,  their  food,  and  some  of  the  tramformations  qf 
master  occurring  during  the  growth  of  the  vegetables,  have 
been  discovered.  The  ^owledge  acquired  in  these  two  ways 
of  the  inward  and  outward  changes  which  plants  undergo 
during  their  existence,  is  called  vegetable  physiology. 

421.  There  are  generated  in  plants  during  theur  growth 
various  independent  substances  which  in  many  cases  we 
cm  distinguish  from  each  other  even  by  their  aspect  and 
taste.  G-rapes,  carrots,  and  many  other  fruits  and  roots, 
hanre  a  sweet  taste ;  they  contain  sugar.  The  branches  and 
leaves  of  the  grape-vine  have  a  sour  taste ;  they  contain  an 
aeid  salt.  Those  of  the  wormwood  have  a  bitter  taste ; 
they  contain  a  peculiar  Utter  principle.  The  lattter  emit  also 
a  8to)ng  odour,  which  proceeds  from  a  volatile  oil.  In  the 
seeds  of  the  different  species  of  grain,  and  in  the  tubers  of 
the  potato,  we  find  a  mealy  substance,  starch;  in  the  seeds 
of  the  rape  and  of  the  flax-plant  a  viscous  juice,  fat  oil. 
IVom  the  cherry  and  plum-trees  exudes  a  mucilaginous  sub- 
stance, which  is  soluble  in  water ;  from  the  firs  and  pines  a 
similar  substance,  but  which  is  insoluble  in  water ;  the  former 
we  call  gwny  the  latter  pitch.  The  magnificent  colours  of 
flowers  proceed  from  a  colouring  matter;  the  noxious  effects 
of  poisonous  plants  from  vegetable  bases,  &e.  These  sub- 
stances are  called  by  the  general  name  of  proximate  consti' 
tuents  of  plants.  Many  of  them  are  to  be  found  in  almost 
etfory  pknt,  while  others  occur  only  in  particular  species  of 
plants. 

We  cannot  imitate  by  art  the  workings  of  nature  in  living 
plants,  as  we  were  able  to  do  most  perfectly  in  inorganic 
chemistry.  The  chemist,  by  chemical  analysis,  has,  indeed, 
determined  with  the  Utmost  accuracy  of  what  elements  the 
proximate  constituents  of  plants  aro  composed,  and  in  what 
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proportions  by  weight ;  but  be  baa  never  yet  succeeded  in 
reconstructing  tbese  constituents  from  tbeir  elements. 

422.  Unripe  grapes  taste  sour,  ripe  ones  sweet ;  therefore 
we  conclude  that  during  tbe  ripening  tbe  add  of  tbe  grapes 
bas  been  converted  into  si^;ar.  Common  barley  tastes  mealy; 
if  suffered  to  germinate  it  acquires  a  sweet  taste,  because 
during  germination  a  portion  of  its  starcb  is  converted  into 
sugar.  Similar  changes  occur  in  evei^  living  plant ;  indeed, 
they  frequently  take  place  when  the  vital  power  has  becoiae 
extmct  m  the  plant.  Potatoes,  for  instance,  become  mreet 
by  allowing  them  to  freeze ;  all  the  starch  of  the  gernunated 
barley  is  converted  into  sugar  by  adding  water  to  it^  and 
letting  it  remain  for  some  hours  in  a  warm  place.  That 
which  is  thus  produced  by  the  vital  activity  of  tbe  plants,  or 
by  cold  or  heat,  namely,  the  tra/nsformation  of  one  vegetable 
subetance  into  another,  we  are  also  able  to  effect  by  various 
other  means.  Art  in  this  respect  can  indeed  do  more  than 
nature,  since  it  produces  combmations — ^for  instance,  alcohol, 
pyroligneous  acid,  and  many  other  compounds — ^which  we 
never  find  ready  made  in  the  living  plants.  The  numb^  of 
these  combinations  may  be  increased  almost  innumerably  by 
the  aid  of  inorganic  bodies,  such  as  strong  adds  and  bases, 
chlorine,  &c.; — ^letting  these  operate  upon  vegetable  sub* 
stances,  which  are  thereby  changed  in  an  infinitely  varied 
manner,  and  transformed  into  new  bodies.  Thousands  of 
such  new  combinations  have  been  discovered  within  the  last 
twenty  years ;  our  posterity  will  probably  count  them  by 
millions. 

423.  If  you  ask  what  are  the  elements  of  which  the  prozi* 
mate  constituents  of  plants  are  composed,  the  answer  is,  the 
four  following  are  the  principsd  ones — carbon,  hydrogen,  oxvgen^ 
and  nitrogen,  which  are  therefore  called  organogens.  'Suaay 
of  the  vegetable  tissues  contain  all  the  four  element^ 
(C  H  O  N),  and  are  c&llednitrogenoiM  compounds;  but  others, 
and  by  &r  the  largest  proportion,  contain  only  the  first  three 
elements  (G  H  O),  ana  are  called  non-4titr(^enous  compounds. 
From  these  few  elements,  with  the  addition  of  small  quan^ 
tities  of  sulphur,  phosphorus,  and  some  inorganic  salts,  Hie 
Creative  Power  is  able  to  produce  the  countless  multitude  of 
plants  which  cover  the  sumce  of  our  earth. 

424*  If  it  is  obvious,  from  this  simple  constitution,  that 
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tbe  great  variety  of  vegetable  matter  does  not  depend  upon 
the  number  of  the  constituent  parts,  we  must  presume  that 
this  variety  is  owing  to  the  different  ways  in  wbich  these  four 
el^nents  are  joined  together  and  combined  with  each  other. 
And  such  is  indeed  the  &ct.  It  has  already  been  mentioned 
(§  274),  that  in  the  isomeric  compounds,  that  is,  in  such  as 
possess  the  same  composition,  but  not  the  same  properties,  a 
different  arrangement  of  the  atoms  is 
to  be  supposed ;  in  the  same  manner  as 
in  a  chess-board,  where  the  white  and 
black  squares  may  be  grouped  together, 
either  2  and  2,  or  3  and  3,  or  4  and  4, 
____.,^  .-  &c.    This  variety  in  the  grouping  of 

IXIHJI  PHHi  ^he  atoms,  which  happens  only  as  an 
JjBB  ^^^M  exception  among  inorganic  substances, 
■HEXJ  HHHb  occurs  as  a  general  nue  among  organic 
WW— LLI  I  I  I  I  compounds ;  and  it  has,  here  so  much 
the  larger  scope,  because  always  three 
or  four,  and  sometimes  even  more  elements,  are  present, 
which  enter  into  combination  with  each  other,  while,  in  the 
department  of  inorganic  chemistry,  commonly  only  two  ele- 
ments unite  with  each  other ;  and  likewise  because  it  is  a 
law  in  organic  chemistry,  that  the  atoms  of  the  elements  do  not 
wdte  singly^  as  is  the  case  with  mineral  substances,  hut  always 
i»  groups;  namely,  2,  3,  4,  6,  8, 10,  or  more  atoms  of  one 
element,  with  amy  number  of  atoms  of  the  other  elenients. 

Organic  substances  have,  therefore,  an  incomparably  more 
complicated  constitution  than  the  inorganic  compounds,  as  the 
following  examples  show : 
Kg.  165.  From  the  well-known  amber,  a  peculiar  acid, 
Ag|®  succinic  acid,  is  obtained,  which  consists  of  four 
9w^^  atoms  of  carbon,  two  atoms  of  hydrogen,  and  three 
••©•  atoms  of  oxygen,  and  has  accoitUngly  the  formula 
C^HjOaCseerig.  166). 

Vim     lAg 

-J^^^  If  one  atom  of  oxygen  is  added  to  this,  we  have 
the  constitution  of  malic  acid  =  C4  H2  O4  (see 
Pig.  166). 

Fig.  167. 

]llgg)^)(gl      If  one  more  atom  of  oxygen  is  added,  that  of 
tartaric  acid  :^  C4  H2  O5  (see  Pig.  167). 
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Fig.  168. 


.Ind  by  adding  yet  another  atom  of  oxygen, 
that  of  formic  acid  =  C4  H2  Oe  (see  Kg.  168). 

But,  on  the  other  hand,  if  one  atom  of  hydrog«i 
is  added  to  the  succinic  acid,  which  was  the  starting- 
point,  the  constitution  of  acetic  acid  is  obtained  = 
C4  H3  0„  &c.  (see  rig.  169). 
If  we  are  not  yet  able  to  produce  all  the  transformations 
as  they  are  here  given,  yet  the  possibiliiy  of  succeeding  at 
some  mture  time  cannot  be  doubted. 

Sugar,  starchy  and  wood  have  precisely  the  same  constitu- 
tion, namely,  Cg  Hs  O5 ;  they  are  isomeric.  If  we  imagine 
these  three  elements  grouped  together  in  dijffiBa^ent  ways,  as, 
for  instance. 


m  sugar: 

Kg.  170. 


in  starch: 
Fig.  171. 


then  we  can  fcxm  an  idea  how  one  and  the  same  quantity  oi 
the  same  elements  may  combine,  forming  such  very  different 
bodies ;  and  it  would  not  now  excite  anv  great  astonishment, 
if^  on  further  investigation,  hundreds  of  Afferent  substances 
of  the  same  constitution  should  be  discovered,  since,  by  mere 
transposition  of  the  above  sixteen  atoms,  more  than  a  hundred 
different  arrangements  or  groupings  may  be  produced. 

425.  The  instability  of  organised  si]d>stances,  which  has 
already  been  referred  to,  is  now  simply  explained  by  these 
complex  proportions  of  the  atoms.  They  are  like  complicated 
machinery.  In  the  spinning-wheel  we  have  one  wheel,  one 
spindle,  and  one  band ;  but  in  a  spinning-machine,  hundreds 
of  wheels,  spindles,  and  bands,  all  connected  together  into 
one  whole.  Now,  as  in  complicated  machinery,  a  whe^  ia 
more  likely  to  come  off,  a  spmdle  to  bend,  a  wire  to  break, 
thereby  causing  a  greater  disturbance  throughout  the  whole 
of  the  machine  thim  can  possibly  happen  in  the  simple  £^in* 
ning-wheel,  so  also  complex  organic  bodies  are  much  more 
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liable  to  disorgsnisations  and  clianges  than  the  more  sim^ 
iBOTganic  bodies.  For  if  in  the  former  only  one  of  the  many 
atoms  leayes,  or  even  changes,  its  place,  or  if  another  atom, 
whether  of  the  same  or  of  a  different  element,  is  added  to  it, 
the  bodj  at  once  ceases  to  be  that  which  it  was,  andbecomea 
a  new  peculiar  compound.  The  familiar  terms  combustion, 
ignition,  singeing,  charring,  rotting,  decaying,  fermenting, 
curdling,  growing  musty  and  sour,  bleaching,  rading,  <&c.,  are 
all  chemical  metamorphoses  of  the  kind  referred  to,  and  it  is 
weU  known  that  these  metamorphoses  are  peculiar  to  animal 
and  vegetable  substances. 

The  sources  from  wluch  the  vegetable  world  derives  its 
four  fundamental  substances  (carbon,  hydrogen,  oxygen,  and 
nitrogen),  and  the  form  in  which  it  receives  them,  will  be 
treated  of  more  fully  at  the  close  of  this  part. 


I.  VEGETABLE  TISSUE. 

426.  Ghrmination  of  Seeds. — ^The  vital  force  slumbers  in  the 
seed ;  it  is  called  into  activity  by  moisture  and  heat. 

Experiment, — Pour  water  over  some  beans,  and  let  them 
remain  in  a  moderately  warm  place,  till 

*   _] the  germs  burst  forth,  and  the  swollen 

seeds  divide  into  two  parts.  If  we  now 
examine  them  closely,  we  shall  perceive 
at  the  extremity  of  each  seed,  where  the 
germ  appears,  two  delicate  white  leaf- 
fets ;  from  these,  as  the  plant  continues 
to  grow,  the  stem  and  leaves  are  developed,  while  the  other 
extnremity  gS,  the  germ  forms  into  a  root.  The  solid  mass  of 
which  these  young  organs  consist  is  called  vegetable  tissue  ; 
it  consists  of  variously-formed  cavities,  which  are  fiUed  with 
a  colourless  liquid,  the  sap.  If  the  bean-plant  is  exposed  to 
the  addon  of  %ht,  a  green  colouring  matter  (chloroph^U)  is 
produced  in  the  sap ;  but  this  substance  is  not  formed  in  the 
roots,  since  th^  are  screened  from  the  light  by  the  surface 
of  tl^  earth.  The  two  lobes  of  the  bean  (cotyledons)  gradu- 
ally disappear  as  the  development  of  the  plant  advances ; 
Aey  serve  as  its  first  nourishment.  The  embryo  of  most 
^ants  is  furnished  with  a  pair  of  cotyledons  (dicotyledonous). 
JExperimewt. — ^Bariey,  i^en  caused  to  germinate  in  the 
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flame  manner,  puts  forth  onlj  a  single  embryo,  from  which 
p.  first  the  leaves  and  then  the  stalk  are  developed. 

^'  '  All  our  grasses  and  bulbous  plants  germinate  in 
this  manner  (monocoUfledanous) .  If  jon  pour  off 
the  water  from  the  barley  when  the  seeds  are 
swelled  and  thoroughly  steeped,  and  then  put  it  in 
a  cool  place,  piled  up  in  heaps,  you  can,  by  occa- 
sionally turmng  it,  so  retard  and  regulate  the 
growth  that  the  radicles  only  will  sprout  forth.  If 
you  now  arrest  further  vegetation  oy  quickly  diy- 
uig  the  grain  in  a  warm  oven,  the  brewers'  malt 
is  obtained.  The  rootlets  may  be  easily  rubbed 
off  after  drying ;  they  yield  an  excellent  manure,  and  consist 
principally  of  vegetable  tissue  rich  in  potassa  and  other  salts, 
which  salts,  during  the  process  of  germination,  have  passed 
from  the  grain  into  the  radicle. 

427.  Vegetable  Tissue, — ^All  the  cells  and  vessels  of  plants 
are  composed  of  vegetable  tissue.  This  substance  is  to  plants 
what  bones,  flesh,  and  skin  are  to  the  animal  body ;  it  forms 
the  solid  mass  of  all  vegetable  (»rgans,  and  consequently  im- 
parts to  plants  their  shape  and  firmness ;  it  forms  the  ducts 
or  veins  of  the  plants,  through  which  the  sap  circulates.  We 
find  it  very  finely  ramified,  tender,  soft,  and  easily  digestible 
in  the  young  leaves,  flowers,  and  stems,  and  in  the  so-called 
pulp  of  fruit  and  roots,  as  apples,  plums,  carrots,  &c. ;  hard 
and  indigestible  in  straw,  wood  (woody  tissue),  and  in  the 
husks  of  grain  (bran)  ;  hardened  like  stone  in  the  stones  of 
plums,  cherries,  and  peaches,  and  iu  the  shells  of  nuts ;  light, 
porous,  and  elastic  m  the  pith  of  the  elder,  and  in  cork ; 
lengthened  and  pliant  in  hemp,  flax,  and  cotton. 

428.  The  transverse  section  of  the  stem  of  a  tree  illus- 
trates the  influence  which  age  exerts 
upon  the  vegetable  tissue,  and  how 
this  tissue  varies  in  one  and  the  same 
tree.  Inside  the  hark  (a)  lies  the  tuner 
fibrous  bark  (b),  which  consists  of 
lengthened  tubes,  and  is  peculiarly 
adapted  to  supply  the  place  of  veins  in 
the  tree.  Here  the  sap  principally 
circulates,  and  therefore  a  tree  will  die 
when  the  inner  bark  is  girdled,  whilst 
(as  seen  in  many  hollow  trees)  the 
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tree  will  live  on  if  0DI7  the  inner  and  outer  bark  remain, 
though  the  wood  itself  is  entireljr  rotten  and  gone.  Prom  the 
inner  bark  towards  the  exterior  is  deposited  every  year  a  new 
layer  of  bark,  and  towards  the  centre  a  new  layer  of  wood 
(annual  circles).  The  light  and  whiter  wood,  lying  next  the 
inner  bark,  is  called  scvp-wood  (c)  ;  but  this,  by  the  annually 
increasing  compressure,  becomes  denser  and  more  solid,  and 
then  it  is  called  heart-wood  (d) .  The 
^      '  latter  is  usually  darker,  and  is  fre- 

I  quently  impregnated  with  colouring 
matter  (red-wood).  The  annexed 
I  figure  will  give  an  idea  of  the  artis- 
tical  internal  structure,  which  is 
manifest  even  in  apparently  simple 
dense  wood,  when  viewed  under  a  strong 
^  )iHI<^i^H^^P/  luagnifying  glass.  It  represents  the 
transverse  section  of  a  pine  bough,  the 
portion  marked  a  representing  young 
ligneous  cells,  those  marked  h  the  ma- 
tured cells. 

Most  plants  contain  in  the  inner  and  outer  bark  a  sub- 
stance wmch  has  an  astringent  taste,  is  soluble  in  water,  and 
wlkich  is  known  by  the  name  of  ttmnin,  or  tannic  acid. 

429.  Imen  is  the  inner  bark  of  the  flax-plant.  During 
the  process  of  retting,  the  outer  bark,  by  the  long-continued 
influence  of  moisture  and  air,  passes  over  into  decay,  and 
then,  after  rapid  drying,  may  be  rubbed  off  by  ben£ng  it 
backwards  and  forwards  (Jyreahing)  ;  but  the  filaments  of  the 
inner  bark,  which  do  not  so  readUy  decay,  remain  behind, 
and  after  being  parted  into  their  finest  fibrils,  and  arranged 

Srallel  by  the  so-called  heckling,  form  the  well-known  flax. 
e  tow,  which  falls  off  during  this  process,  consists  of 
timgled  fibres  of  the  inner  bark. 

'  Maa  has  a  grey  colour,  because  it  contains  a  grey  colouring 
^  tttfttter,  which  is  not  soluble  in  water  and  lye,  though  it 
*  becomes  soluble  in  Ive  by  exposing  the  flax,  the  thread  spun, 
6r  the  linen  woven  from  it,  during  a  long  time,  to  the  action 
&t  light,  water,  and  air.  This  is  done  in  the  bleaching-yard 
by  spreading  it  on  the  grass  {grass  bleaching).  The  colouring 
matter,  hereby  altered  and  rendered  soluble,  is  removed  from 
time  to  time  by  boiling  with  lye.    Bleaching  may  be  accom* 
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pliflhed  more  n^dlj  by  the  application  of  dlorine,  wliieli, 
on  account  of  its  very  strong  affinity  for  hydrogen,  attraete 
h7dro&;en  &om  all  organic  substances,  whereby  they  become 
eolouness  and  soluble  (chlorine  hleacMng),  The  qnestion 
here  occurs,  Why  is  it  that  in  these  two  bleaching  processes 
,the  colouring  matter  alone,  and  not  the  yegetable  tissue  at 
the  same  time,  is  decomposed  ?  The  reason  is,  because  the 
colouring  matter  consists  of  four  elements  (C  H  O  N),  but 
the  vegetable  tissue  of  only  three  elements  (C  H  O)  ;  accord- 
ing to  §  425,  the  more  complicated  substance,  consistixig  of 
four  elements,  is  more  readily  and  rapidly  decomposed  tium 
the  less  complicated  substance,  consisting  of  three  elements. 
If,  when  the  linen  has  become  white,  the  bleaching  were  still 
continued  by  either  of  these  methods,  the  yegetable  tissue 
would  then  be  decomposed  and  become  rotten ;  a  case  which 
often  occurs  when  linen,  cotton,  or  paper  is  treated  too  lon^ 
or  with  too  strong  a  solution  of  chlorine. 

430.  Bast, — Soak  the  bark  of  the  lime-tree  in  water  till 
the  outer  bark  is  decomposed,  and  has  become  brittle ;  wh^i 
it  is  dry  the  inner  fibrous  part  of  the  bark  can  be  peeled 
from  it,  and  it  then  forms  the  lime  hut,  used  for  tying  up 
plants.  The  outer  covering  of  the  trees,  which  is  commonly, 
but  erroneously,  called  bark,  consists  by  no  means  of  the 
proper  bark  alone,  but  of  two  essentially  different  parts, 
which  have  grown  very  closely  tog^her ;  the  external  layer 
is  the  proper  bark  {epidermis),  the  inner  is  the  bast  (Uber), 

431.  Cotton  consists  of  delicate  hollow  hairs,  which  form 
in  the  cotton-plant  in  considerable  quantities  around  the 
seeds.  As  it  exists  in  nature  it  is  beautifully  white  (except 
the  Nankin  cotton,  which  is  yellow),  and  consequently  re- 
quires no  bleaching.  When,  however,  cotton  thread  or 
cotton  fabrics  are  bleached,  it  is  merely  in  order  to  remove 
the  oily,  sweaty,  and  mealy  substances  (weaver^s  ghie,  Ac.) 
which  have  become  attached  to  them  during  spinning  and 
weaving.  This  is  now  usually  effected  by  boiHng  with  soda- . 
lye  or  milk  of  lime,  or  immersing  them  in  a  weak  solution  of 
chloride  of  lime.  The  lime  which  remains  adhering  is  thai 
removed  by  exceedingly  diluted  acids  (acid  hath),  and  the 
add,  in  its  turn,  by  rinsing  in  water. 

It  is  well  known  how  important  the  above-mentioned  sorts 
of  pliant  v^etable  tissue  are,  on  account  of  their  application 
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far  iimlriiig  thread,  twine,  and  fabrics  of  every  variely ;  we 
dothe  onrselyes  in  woodj  fibre,  we  write  and  print  upon  it^ 
we  build  our  houses  of  it,  &c. 

432.  Vegetable  Titaue  and  Water. — Uaperiment — Pour 
some  lukewarm  water  over  sawdust,  and  let  it  stand  for  a 
day ;  then  squeeze  out  the  liquid  through  a  cloth  and  boil  it ; 
a  slight  turbidness  will  appear,  and  on  longer  standing  a 
loose  sediment  will  be  deposited.  Water  does  not  dissolve 
the  woody  fibre,  though  it  does  the  sap  contained  in  it ;  in 
this  sap,  as  in  that  of  all  other  plants,  there  is  always  found 
alrobsiance  in  solution,  which  is  very  analogous  to  the  white 
of  eggs,  and  which,  like  it,  coagulates  ia  boiling ;  it  is  caUed 
9effdbable  albumen.  There  are  also  contained  in  the  liquid, 
separated  from  the  albumen,  various  other  substances  in 
solution  (mucus,  gum,  tannin,  &c.),  which  are  not  precipi- 
tated by  boiling.  If  the  sawdust,  after  it  has  been  cbried,  ia 
tareated  with  alcohol,  this  will  also  dissolve  some  substances 
6nefiin,  &c.) ;  and  so  also  will  ether,  lye,  and  other  liquids. 
ISierefore,  in  the  preparation  of  perfedily  pure  woody  tissue, 
it  must  be  treated  with  various  solvents  in  order  to  remove 
all  the  constituents  of  the  sap. 

CHAHGBS  OF  VEGETABLE  TISSTFE. 

a.)  Changes  of  Vegetable  Tusue  by  Acids. 

483.  Wood,  when  dipped  in  sulphuric  acid,  is  charred; 
wheal  ia  nitrie  acid,  it  is  dyed  yellow,  and  by  longer  immer- 
sion it  is  entirely  decomposed,  as  has  already  been  observed. 
(§§  160, 173.)  Sulphuric  acid' attracts  from  the  woody  fibre 
hydrogen  and  oxygen,  which  combiae  to  form  water,  and 
aJoBn  unite  with  the  sulphuric  acid ;  nitric  acid  yields  oxygen 
to  it,  and  consequently  oxidises  it.  By  very  long  continued 
treatinent^  all  the  carbon  of  the  wood  may  finally  be  oxidised 
into  earbcmic  acid,  and  all  the  hydrogen  into  water.  Chlorine 
decomposes  the  vegetable  tissue  by  abstracting  hydrogen. 
(§  429.)  Diluted  sulphuric  add  operates  very  dmerently 
mna  the  concentrated  acid ;  if  paper,  linen,  &c.,  are  boiled 
for  several  hours  with  the  former,  tite  vegetable  tissue  is 
oonverted,  first  into  gum,  and  finally  into  sugar. 

JESasplosvse  Vegetable  Tissue,  or  Qun^Cotion  (JPyroxyUri). — 
By  exposing  vegetable  tissue  (cotton,  hemp,  linen,  saw- 
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dust,  &c,)  for  a  short  time  to  tlie  action  of  highly  concen- 
trated nitric  acid,  it  acquires  the  remarkable  property,  like 
that  of  gunpowder,  of  igniting  and  exploding  with  great 
violence  when  touched  by  a  lighted  match. 

Experiment — Mix  half  an  ounce  of  the  strongest  nitric 
acid  (sp*  gr.  =  1.6)  with  one  ounce  of  strong  sulphuric  add; 
pour  the  mixture  into  a  porcelain  mortar,  or  a  cup,  and  jo^sa 
into  it  with  the  pestle  as  much  cotton  (wick-yam,  calieo, 
printing-paper,  ^.)  as  can  be  moistened  by  the  add. 
When  the  cotton  has  soaked  for  five  minutes,  it  is  to  be 
taken  out  with  a  glass  rod,  put  into  a  vessel  containing 
water,  and  washed  repeatedly  with  fresh  quantities  of  water, 
until  it  no  longer  reddens  blue  test-paper.  The  cotton  is 
then  squeezed  out  with  the  hand,  spread  upon  a  sheet  of 
paper,  and  dried  in  an  airy  place.  It  is  dangerous  to  dry  it 
upon  a  stove,  as  it  easily  takes  fire. 

If  the  gurircoUon  thus  prepared  is  struck  smartly  wit9i  a 
hammer  upon  an  iron  anvil,  it  detonates  violently;  wh^ 
touched  with  a  hot  wire  or  a  lighted  match,  it  bums  instazita^ 
neously,  without  leaving  any  residue;  when  fire-arms  are 
loaded  with  it,  it  acts  like  gunpowder,  but  its  explosive 
power  is  four  or  five  times  greater  than  that  of  the  latter. 
Gun-cotton  being,  therefore,  an  exceedingly  dangerous  sub- 
stance, the  greatest  caution  is  indispensaole  in  conductins 
experiments  with  it,  and  only  very  small  quantities  should 
be  used  at  once.  Gun-cotton  dissolves  in  ether  into  a  sirupy 
liquid,  which  on  spontaneous  evaporation  leaves  the  cotton 
behind  in  the  form  of  a  transparent  film.  This  solution  is 
called  collodion.  It  is  used  instead  of  court-plaster,  and  for 
making  small  air-balloons,  &c. 

The  chemical  changes  which  cotton  undergoes  by  immersing 
it  in  the  above  acid  mixture  consist  chiefly  in  this,  that  it 
gives  up  a  portion  of  its  hydrogen  and  oxyg:en  (as  water),  and 
receives  instead  nitric  acid  (consequently,  nitrogen  with  much 
oxygen).  Gun-cotton  contains,  tnerefore,  nmch  more  oxyqen 
than  the  common  cotton,  and  likewise  nitrogen^  in  ehenucal 
combination ;  the  former  causes  the  rapid  combustion,  while 
the  latter,  together  with  the  gases  formed  by  the  combustion, 
causes  the  rapid  explosion.  The  sulphuric  acid  co-operates 
only  indirectly,  by  attracting  and  retaining  the  water  con- 
tained in  the  nitric  acid,  ana  that  which  separates  firom  the 
cotton. 
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h.)  Change9  oftTie  Vegetable  Tissue  hj  Alkalies, 

434.  The  effect  of  alkalies  on  vegetable  tissues  may  readily 
be  seen  by  wrapping  a  piece  of  quicklime  in  paper,  and  letting 
it  remain  there  for  some  weeks,  when  the  paper  will  become 
gtSte  rotten.  The  farmer  and  the  gardener,  being  well  ac- 
qHttinted  with  this  action,  are  accustomed  to  mix  lime  or 
ashes  with  couch-grass  and  other  weeds,  to  accelerate  their 
3H>tting  and  decay. 

C.J   Changes  of  the  Vegetable  Tissue  hg  Seat,  with  free  Access 

of  Air. 

435.  That  wood,  <&c.,  when  heated  with  access  of  air  is  con- 
sumed, that  is,  is  decomposed  into  carbon  and  water,  has 
already  been  fully  treated  of  in  the  former  part  of  this  work. 
All  vegetable  substances  are  consumed  in  the  same  wag,  hg 
means  of  the  oxggen  of  the  avr.  If  inorganic  substances  (salts 
Ikad  earths)  are  present,  they,  since  they  are  not  volatile, 
remain  bemnd  as  ashes. 

Vegefbble,  and  likewise  animal  substances,  can  be  con- 
sumed, not  only  by  the  oxygen  of  the  air,  but  also  by  the 
oxygen  of  other  bodies ;  as,  wr  example,  by  that  of  oxide  of 
copper,  of  chromate  and  chlorate  of  potassa,  or  directly  by 
pure  oxygen  itself.  If  the  water  formed  during  the  comoua- 
tion  is  absorbed  by  chloride  of  calciimi,  and  the  carbonic  acid 
by  a  solution  of  potassa,  then,  by  the  increased  weight  of  the 
chloride  of  calcium  and  the  potassa,  the  quantity  of  the  water 
and  of  the  carbonic  acid  may  be  ascertained,  and  from  these 
the  weight  of  the  hydrogen  and  carbon  which  the  consumed 
body  contained  may  be  calculated.  That  which  is  wanting  in 
the  weight  of  the  original  body  under  examination  is  the 
amount  of  oxygen  which  it  contained.  In  this  manner  the 
three  elements  comprised  in  an  organic  body,  carbon,  hydro- 
gen, and  oxygen,  may  be  very  accurately  determined ;  such  an 
examination  is  therefore  called  an  elementarg  analgsis.  If,  in 
addition  to  the  three  above-named  elements,  an  organic  body 
contains  nitrogen  also,  it  escapes  imcombined  during  the  com- 
bustion in  the  form  of  gas,  and  can  be  collected  and  estimated 
by  a  special  method  of  analysis.  But  on  heating  such  bodies 
with  bases  having  a  strong  aflSnity  for  water, — ^for  instance, 
-mth  hydrate  of  potassa  or  soda  and  lime, — ^then  (with  but  few 
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exceptioBB)  the  nitrogen  contained  in  them  escapes  in  combi- 
nation with  hydrogen,  as  ammonia,  from  which  the  contents 
of  nitrogen  can  be  ftccuratelj  calculated. 

d.)  Changes  of  the  Vegetable  Tissue  hy  Heat^  the  Access  of  Air 
being  prevented. 

486.  Imperfect  Combustion  of  Wood. — ^When  wood  is  heated 
with  insumcient  access  of  air,  as  is  the  case,  for  instaacey  in 
most  of  our  stoves,  a  portion  of  the  carbon  remains  unbnznt, 
and  is  deposited  as  soot  from  the  gases  which  form  the  flame. 
Moreover,  during  the  process,  a  portion  of  the  burning  carbon 
takes  up  oidy  half  as  much  oxygen  as  when  there  is  an  abun- 
dant supply  of  air,  and  there  is  formed,  not  only  carbonic  acid, 
but  also  carbonic  oxide  gas  (fumes  of  charcoal).  But,  besides 
these  compounds,  other  singular  substances  are  formed,  as  » 
indicated  oy  the  peculiar  smell  of  the  smoke,  and  by  the 
lustrous  acid  and  resinous  soot  deposited  upon  the  lower  paorts 
of  chimneys.  The  products  of  the  decomposition  of  vegetable 
tissue  may  be  more  clearly  recognised  if  you  heat  ijf e  wood 
with  entire  exclusion  of  air. 

Experiment. — Subject  wood,  as  was  described  in  §  119,  to 

Rg.l77. 


dry  distillation ;  yon  obtain  a  great  variety  of  products  easily 
to  be  distinguished  by  characteristic  properties : — 1.  ckarcotii 
which,  since  it  is  not  volatile,  remains  benind ;  2.  iUumincftina 
gas,  a  mixture  of  carburetted  hydrogen,  carbonic  add,  and 
carbonic  oxide  gases ;  3.  wood-Dtnegar,  a  watery  acid  liquid ; 
4.  wood-tar,  a  thick,  brown,  resinous  liquid.  The  two  former 
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substances  have  bee^  already  described,  so  that  only  the  twa 
latter  remain  to  be  more  fully  considered. 

437.  Pyrolignequs  Acid  or  Wood-Vinegar, — One  pound  of 
dry  beech-wood  yields  nearly  half  a  pound  of  pyroligneous  acid* 
In  its  crude  state  it  has  a  brownish-black  colour,  owing  to  the 
tar  which  it  contains  in  solution,  and  a  smoky  odour,  together 
with  a  very  acid,  disagreeable,  smoky  flavour.  On  account  of 
its  contaming  acetic  acid,  and  its  cheapness,  it  is  now  much 
used  in  the  preparation  of  acetates,  particularly  such  as  ard 
employed  in  calico-printing  and  dyeing ;  for  instance,  acetate 
of  iron,  6f  lead,  of  soda,  &c. 

Experiment, — Pour  some  wood-vinegar  upon  a  piece  of 
lean  meat,  and  let  it  soak  for  a  few  hours ;  it  can  then  be 
dried  and  packed  without  passing  into  putrefaction,  as  in  a 
few  hours  it  has  experienced  the  same  cnange,  and  acquired 
the  same  degree  of  firmness,  usually  produced  by  being  sus- 
pended for  months  in  the  smoke  (rapid  smoking), 

438.  Wood-vinegar  owes  its  antiseptic  properties  to  a 
peculiar  substance,  which  has  received  the  name  of  creosote 
(flesh-preserver) ;  one  pound  of  pyroligneous  acid  centals 
about  a  quarter  of  an  ounce  of  it  in  solution.  Pure  creo-^ 
sote  is  a  colourless  liquid,  gradually  becoming  brown  by 
age,  and  of  an  oily  consistency;  it  has  a  strong  smell  of 
smoke,  a  very  burning  taste,  and  disorganises  the  tender 
skin  of  the  tongue  or  the  mouth,  and,  taken  internally,  is  a 
powerful  poison.  Creosote  is  now  frequently  applied  as  a 
remedy  for  the  toothache,  when  it  is  usually  mixed  with  oil 
of  cloves ;  but  it  must  also  be  diluted  with  alcohol,  in  which 
it  readily  dissolves,  as  its  action  would  otherwise  be  too  cor- 
rosive. One  drachm  of  water  will  dissolve  one  drop  of  creo- 
sote ;  this  solution  (creosofe-water^  or  aqtui  BineUi\  which 
acts  upon  flesh  in  the  same  manner  as  the  pyroligneous 
acid,  is  employed  as  a  sedative.  The  smoke  which  is  formed 
in  our  stoves  by  the  imperfect  combustion  of  wood,  or  of 
coal,  always  contains  fumes  of  creosote,  to  which  is  owing 
its  peculiar  smell,  and  its  property  of  causing  lachrymation. 
Bveiything  which  prevents  complete  combustion,  such  as  t 
deficient  draught  of  air,  or  moist  fuel,  must, '  accordingly, 
favour  the  formation  of  creosote,  and  render  the  smoke 
more  irritating.     Meat  is  most  effectually  cured  by  this 
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smoke,  which  is  expressly  generated  for  this  purpose  hj 
burning  green  fagots,  or  obstructing  the  draught  of  air. 

439.  When  i)yroligneoiis  acid  is  rery  slowly  distilled,  a 
spirituous,  Tolatile  liquid,  very  similar  to  brandy,  first  passes 
orer,  which  is  called  crude  fwroxilie  spvrH,  The  chief  com- 
ponent of  this  fluid  is  a  substance  which,  in  its  properties 
and  changes,  has  great  similarity  to  alcohol,  or  spirits  <^ 
wine,  though  its  constitution  is  different.  On  account  of 
ihis  similarity,  it  is  called  pyroxilic  spirit  (hydrated  oxide  (^ 
mdhyle). 

440.  Wood-tar  is  of  a  resinous  nature ;  that  is,  insoluble 
in  water,  though  soluble  in  alcohol;  it  is,  moreover,  veir 
rich  in  carbon,  as  is  in  some  degree  indicated  by  its  bladk 
eolour.  On  distillation,  it  separates  into  a  volatile  oil  (oil  of 
far),  and  into  a  non-volatile  black  pitch.  (§  576.)  This  sepa- 
ration takes  place,  also,  but  more  slowly,  when  wood  is 
smeared  with  tar ;  the  pitch,  hardening  in  the  pores  of  tiie 
wood,  then  prevents  the  penetration  of  the  water,  and  here- 
by, as  by  the  creosote  also  contained  in  the  tar,  the  decom- 
position of  the  wood  by  putrefaction  is  arrested  (tarring  and 
calking  of  ships,  &c.). 

The  dry  distillation  of  wood  shows  in  a  very  striking  man- 
ner with  what  extraordinary  readiness  (organic  substances 
may  be  decomposed  and  transformed  into  very  remarkaMe 
new  bodies.  The  wood  has  only  to  be  heated  in  order  to  be 
resolved  into  an  acid  and  a  spirituous  body,  into  oily  and 
resinous  substances,  into  illuminating  gas  and  charcoaL  And 
these  are  not  all  the  products  of  the  decomposition  of  wood. 
Besides  the  substances  here  mentioned,  a  dozen  others,  at 
least,  have  been  discovered,  which  are  g^ierated  simulta- 
neously with  them;  and  each  of  which  may  be  converted 
by  heating,  by  treating  with  acids,  bases,  chlorine,  Ac.,  into 
numerous  other  bodies.  Here  a  great  field  opens  for  che- 
mical investigation,  a  field  which  has,  indeed,  no  bounds, 
and  which  must  be  so  much  the  more  extended,  since  M 
vegetable  mattery  heated  vjUh  excluiion  of  air,  becomes  charred 
and  decomposed  into  products  of  comiustion,  hut  which  are 
different  in  different  bodies,  as  is  obvious  in  the  diy  distilla- 
tion of  tobacco  in  tobacco-pipes,  of  common  coal,  brown 
coal,  &c. 
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441.  Imperfect  Combwtion  of  common  Coal, — Common  coal 
and  brown  coal  are  formed  fix>m  the  plants  of  a  former  era, 
which  were  washed  together  in  heaps  during  some  revo- 
lution of  the  earth,  and  deeply  buried  beneath  mud  and  soil. 
When  common  coal  is  heated  with  exclusion  of  air,  we  ob- 
tain, in  the  same  manner  as  from  wood, — 1.  charcoal  (coke)  ; 
2.  a  combustible  wba  (illuminating  gas)  ;  3.  an  aqueous,  em- 
pjrreumatic  liquid  (tar-water) ;  and  4.  a  resinous,  black, 
viacid  liquid  (coal-tar). 

The  aqueous  empyreumatic  liquid  obtained  from  common 
coal  contains  only  a  trace  of  vinegar,  but  in  larger  quantities 
a  basic  body — ammonia,  combined  with  carbonic  acid;  it 
may,  therefore,  be  employed  as  a  manure,  or  for  the  prepara- 
tion of  sal  ammoniac. 

The  coal-tar,  which  is  now  very  generally  employed  for 
smearing  over  wood,  iron,  and  the  roofs  of  buildings,  to  pro- 
tect them  from  moisture,  may  also,  like  wood-tar,  be  sepa- 
rated by  distillation  into  a  volatile  substance  (oil  of  e<Mil« 
tar),  and  into  a  pitchy,  non-volatile  substance  (artificial 
asphaltum) ;  but  the  peculiar  substances  (kyanole,  pyrrol, 
leucol,  calbolic  acid,  rosolio  acid,  brunolic  acid,  naphthaline, 
Ac.)  contained  in  the  latter  are  quite  different  from  those  of 
the  former.  Of  these  substances,  naphthaline,  a  white,  cam- 
phor-like body,  has  been  examined  most  closely;  but  the 
names  only  of  some  of  the  new  combinations  resulting  from 
i&ese  researches  will  here  be  mentioned,  to  show,  alas !  with 
what  a  flood  of  new  and  strange  names  this  single  substance 
has  inundated  chemistry.  The  following  compounds  are 
formed  by  the  action  of  nitric  acid  upon  naphthaline :  nitro- 
naphth-aUse,  -aleise,  -alise,  -ale,  -esic  acid,  -isic  acid,  phthalic 
acid,  phthalamide,  &c.;  by  treating  with  chlorine:  chloro- 
naphtWlaae,  -lese,  -lise,  -lose,  &c. 

442.  A  decomposition  similar  to  that  which  ooal  under- 
|;oe6  during  dry  distillation  must  also  be  .produo^d,  perhaps, 
m  many  places  in  the  interior  of  the  earth,  by  voleanie  heat, 
for  we  know  that  in  many  countries  substances  either  issue 
from  the  earth  or  are  imbedded  in  it,  which  have  a  Tery^ 
^preat  similarity  to  the  products  of  the  distillation  of  coal,  as 
IS  shown  in  the  following  arrangement : 
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Artificially  prodneed  firam  Go«L  Occarring  Natire  in  the  Earth. 

<l)  Ilkmimatmig  gat,  <l)  If^ganuMbU  gateM  (sacred  fire  of  thi  1 

Bramins),  issuing  here  and  there  frooi ! 
the  crevices  of  rwdu. 
h.)  OH  ofcocl-iar,  h.)  NapkAa^  ooziog  oat  of  the  earth  io 

Persia. 
t,y  CoaUtar,  c.)  Mineral  tar^  foand  in  muxj  {Aaoei  is 

Persia  and  France. 

d)  Ar^ieUUanihtatmii  d.)  Nakiral  atphaUmn  (pitch  of  Jndca), 

(coal-pitch).  foond  in  the  Dead  Sea,   and  other 

Asiatic  seas.  ' 

'  e.)  Ammomaoal  empyreumatie    e.)  Ammonia^  issuing  in  a  waterj  -vapooi; 

Kqitid,  associated  with  ooracic  acid,  from  tba 

earth  near  Tuscan/. 

Jl)  CoJx  (C).  f)  Anthracite  (C),  like  common  coal,  oc^ 

earring  in  immense  heds  in  the  earth. 

e,)   Changes  of  the  VegetcMe  Tissue  ly  Air  and  Water. 
(JDecay  and  Putrefaction.) 

443.  Decay, — TiVTien  vegetable  tissue — ^for  instance,  wood, 
leaves,  straw,  &q, — is  exposed  to  the  influence  of  tlie  air,  it 
imbibes  moisture,  and  becomes  ^;radually  brown  and  rotten- 
it  passes  into  decay.  The  chemical  process  which  thus  takes 
place  verj  much  resembles  those  changes  which  wdbd  under- 
goes in  combustion,  except  that  it  takes  place  far  more 
dowly.  What  is  effected  by  combustion  in  minutes,  is 
effected  by  decaff  only  in  the  course  of  years.  By  combus- 
tion, the  constituents  of  the  wood  and  the  oxygen  of  the 
air  are  converted  into  carbonic  acid  and  water ;  the  same 
products  are  also  formed  on  the  decay  of  wood.  In  com- 
bustion, the  hydrogen  is  oxidised  more  rapidly  than  the 
carbon;  the  same  happens  also  in  decay.  This  explains 
why  wood,  on  combustion,  as  well  as  on  decay,  assumes  a 
darker-*first  a  brown,  and  then  a  black — colour.  When 
proportionably  more  hydrogen  passes  off  than  carbon,  the 
residue  must  necessarily,  as  the  decomposition  continually 
progresses,  be  richer  in  carbon,  and  consequently,  as  a  general 
rule,  also  of  a  darker  colour. 

444.  Humus, — The  brown  or  black  substance  into  which 
vegetable  matter  is  converted  by  decay  has  received  the 
name  humus.  As  wood,  which  is  only  partially  consumed^ 
can  be  consumed  still  further,  so  also  humus  is  gradually 
further  decomposed,  and  in  most  cases,  after  complete  com- 
bustion or  decay,  there  is  finally  left  only  a  small  quantity 
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of  non-Yolatile  salts  and  earths, — the  ashes, — ^whicli  the  wood 
has  absorbed  from  the  earth  during  its  growth.  If  these 
two  processes  of  decay  are  supposed  to  be  going  on  in  two 
distinct  periods,  then  there  are  formed, — 

in  eomibusHonf  tndlsoay, 

from  the  v>ood  in  f^***'  .  ("'"S^)'    from  the  laood  ui  f^»^  /"''??^» 

b^t^  .*^:f  water  (little),        from  the  hmnus     /water  (little), 
9wnwi0^  m  uie<  cm-jj^jnjg  ^jy .        j^  ^jj^  2nd  period,   (carbomc  acid; 

Uiere  remain,         ashes.  there  remain,        ashes. 

Sitmus  is  identical  with  decaying  Organic  Matter, — ^In 
this  acceptation  it  has  for  many  years  been  known  and 
valued  in  agriculture.  Vegetable  mould  (humus)  is  the 
term  applied  to  the  upper  black  or  brown  layer  of  earth,, 
which  has  been  formed  in  forests  by  the  decay  of  the 
leaves  which  fall  off;  the  dark,  fat,  arable  soil,  contain- 
ing much  partially  decomposed  organic  matter,  is  said  to  be 
rich  in  hiunus,  while  the  dry,  light  soil,  in  which  it  is  want- 
ing, is  said  to  be  poor  in  humus.  The  former  knows  that, 
contrary  to  what  happens  in  his  woodlands,  the  humus 
diminishes  in  his  fields,  and  so  much  the  more  rapidly  as 
the  crops  are  more  abundant ;  he  knows  that  fields  rich  in 
humus  are,  as  a  general  rule,  more  fertile  than  those  which 
are  poor  in  humus.  Therefore  he  seeks  to  restore  to  his 
land  the  humus  consumed  in  vegetation  by  ploughing  in 
straw  and  animal  excrements  (manurina),  or  fresh  plants 
Qfreen  manwring),  or  by  the  alternation  or  plants  which  leave 
behind  many  roots  in  the  soil  {fallow plants)  with  such  as 
are  only  feebly  rooted  {grain).  On  an  acre  of  land  which 
was  cultivated  with  clover,  several  thousand  pounds  of  roots 
remained  behind  in  the  soil ;  upon  one  cultivated  with  wheat 
or  grain,  only  from  one-fifth  to  one-sixth  as  much;  it  is 
therefore  apparent,  that  in  the  former  case  from  five  to  six 
times  more  humus  must  be  generated  by  the  decay  of  the 
roots  than  in  the  latter.  The  increase  of  fertility  which  the 
farmer  thus  aims  at  is,  however,  hy  no  means  to  be  ascribed 
to  the  humus  alone,  since  the  inorganic  constituents  (salts 
and  earths)  which  are  present  in  manure  and  in  the  soil 
have  dkjprincvpal  share  in  it,  (§  611.) 
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If  we  consider  the  formation  of  humui,  we  sbaU  at  <»iee 
perceiye  that  various  substances  are  included  under  this 
term ;  for  its  constitution  alters  eyery  da^,  since  a  little  of 
its  carbon  and  hydrogen  is  eyery  day  oxidised  and  separated. 
"We  may  easily  conceive,  that  very  old  humus  may  contain 
as  much  again  carbon  as  that  which  is  recent,  or  even  more. 
The  ideas  concerning  humus  became  stdll  more  vague  when 
chemists  first  thought  of  designating  by  this  name  other 
brown  and  black  coloured  substances,  the  products  of  the 
evaporation  of  vegetable  juices  or  decoctions,  or  which  were 
formed  from  wood,  starch,  sugar,  &c.,  by  boiling  the  latter 
with  acids  or  alkalies.  The  term  humus  thus  became,  as  it 
were,  a  foundling  hospital,  into  which  were  brought  all  the 
substances  formed  from  vegetable  or  animal  matter,  pro- 
vided they  were  black  or  brown,  and  were  insoluble,  or 
nearly  insoluble,  in  water.  The  humus  generated  by  decay, 
as  we  find  it  in  the  soil,  is  now  thought  to  be  a  mixture 
of  several  distinct  brown  substances,  namely,  c^  ulmine, 
humine,  ulmic  acid,  humic  acid,  geic  acid,  crenic  and  apo- 
crenic  acids,  which  are  produced  consecutively,  according  to 
the  above  series^  from  vegetable  matter.  The  two  latter 
acids  are  soluble  in  water,  and  are  partly  the  cause  of  the 
yellow  or  brownish  colour  which  we  perceive  in  the  water  of 
marshes  or  bogs ;  the  other  three  acids  are  only  soluble  in 
water  when  alkalies  are  added ;  finally,  the  first  two  sub* 
stances,  ulmine  and  humine,  can  neither  be  made  soluble  by 
water  nor  by  alkalies.  Accordingly,  by  the  general  term 
humus  we  must  understand  a  mass  of  brown  decaying  matter, 
partly  soluble,  partly  insoluble,  partly  acid,  partly  neutral, 
which,  with  the  unmterrupted  presence  of  air,  water,  and 
heat,  may  be  still  further  decomposed,  and  thereby  carhomc 
add  and  water  evolved.  Carbonic  acid  and  water  are  in- 
dispensable to  the  nourishment  of  plants ;  hence,  in  a  8<m1 
rich  in  humus,  the  plants  will  grow  more  vigorously,  because 
tiiey  find  there,  and  can  absorb  by  their  rootlets,  more  of 
these  two  nutritive  substances  than  they  could  in  a  soil 

Soor  in  humus.  Humus  exerts,  moreover,  a  beneficial  in- 
uence  upon  vegetation,  because  it  loosens  the  soil  by  tiie 
development  of  carbonic  acid,  because  it  possesses  the 
power  of  attracting  water  from  the  air,  and  of  retaining  it 
for  a  long  time,  and  because,  by  means  of  the  acids  contained 
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in  it,  it  is  able  to  abstract  from  the   air,  and  also  from 
manure^  the  third  means  of  nutriment  for  plants,  ammonia. 

445.  Futrefaction, — ^The  decomposition  of  vegetable  tissue 
takes  place  in  a  somewhat  different  manner  when  the  air  is 
entirely  or  partially  excluded, — ^for  instance,  when  the  de- 
composition takes  place  under  water,  as  we  observe  in  ponds, 
bogs,  marshes,  and  rivers. 

~  -Thrust  a  stick  into  the  mud  of  a  pond,  and 

Fig.  178.  catch  the  bubbles  which 

rise,  in  a  bottle  filled  with 
water,  and  held  inverted 
_  over  them;  when  all  the 
3  water  is  displaced  from  the 
![  bottle,  close  it  up  while 
^  under  the  water.  Intro- 
W  duce  a  little  water  into 
P  the  bottle,  and  afterwards 
a  small  piece  of  caustic 
potassa  or  quicklime,  close 
it  immediately,  shake  it  a  few  minutes,  and  then  remove  the 
stopper  under  water ;  a  part  of  the  water  will  press  into 
the  bottle,  because  the  bases  have  absorbed  a  portion  of  the 
gas.  The  gas  absorbed  was  carbonic  add.  If 
you  now  apply  a  burning  match  to  the  mouth 
of  the  bottle,  and  expel  the  remainder' of  the 
gas  by  pouring  in  water,  it  will  ignite  and  bum 
with  a  blue  flame.  This  is  caUed  marsh  gas 
(light  carburetted  hydrogen  gas)  ;  it  consists  of 
carbon  and  hydrogen,  like  the  common  illumi- 
nating gas,  but  it  contains,  compared  with  this, 
a  smaller  quantity  of  carbon,  and  therefore 
bums  without  giving  a  bright  light.  These 
carbonic  acid  and  marsh  gas,  originated  in  the 
wood,  leaves,  branches,  roots,  <fcc.,  of  the  plants  which 
sunk  to  the  bottom  of  the  water,  and  were  there  decom- 
posed. 

"When  oxygen  is  wanting,  the  hydrogen  of  the  vegetable 
tissue  combines  with  a  portion  of  the  carbon,  while,  if  there 
is  an  abundant  supply  of  oxygen,  the  hydrogen  unites  with 
the  latter.  Here,  too,  a  substance  similar  to  humus,  and 
richer  in  carbon,  remains  behind ;  in  ponds,  aa  a  black  9nud, 


two 
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in  bogs,  BBpeai,  This  kind  of  decomposition  is  csHledi  puire^^ 
faction;  it  is  somewhat  analogous  to  the  change  which, 
wood  undergoes  on  imperfect  combustion  (charring,  dry 
distillation),  as  is  shown  dj  the  following  arrangement : 

In  charring,  In  putrefaction^ 


the  Testable 
t^ae  18  con- 
verted into 


a.^  illuminatiDg  gas, 

b.S  carbonic  acid,  the  vegetable 

c.)  partially    bomt         tissue  is  con- ' 

substances  (tar,         verted  into 

coke,  &c.) 


'  a.)  marsh  gas, 
5.1  carbonic  acid, 
C)  partiallyrotted  sab- 
stances      (mod, 
peat.) 


446.  Peat  is  formed  from  marsh  plants,  which  slowly  rot 
under  water ;  every  year  a  new  vegetation  arises,  which,  oa 
perishing,  sinks  to  the  bottom,  and  thus,  in  the  course  of 
time,  a  morass  is  formed.  The  young  peat  consists  of  a 
brown,  fibrous  network,  in  which  the  separate  parts  of  the 
plant  may  be  clearly  distinguished ;  but  after  a  time  it  de-. 
composes  into  a  black,  slimy  mass,  which  may  be  cut  into 
pieces  of  the  shape  of  bricks.  The  old,  black  turf  only 
smoulders  away  on  burning,  a  proof  that  the  hydrogen  of  the 

Slants  from  which  it  was  formed^  has  mostly  disappeared 
uring  putrefaction. 

447.  As  above  stated,  carbonic  acid  is  continually  gene- 
r^ed  in  the  formation  of  p^at;  a  portion  of  this  carbonic 
acid  remains  in  solution  in  the  water,  and  this  explains  why 
the  water  which  percolates  through  beds  of  peat  into  the 
earth,  and  reappears  as  springs  in  deeper  places,  often  con- 
tains BO  much  carbonic  acid  that  it  can  be  used  as  mineral 
water  (acidulous  springs).  If  the  water  during  its  course 
meets  with  rocks  containing  protoxide  of  iron,  lime,  magneaa, 
&c.,  it  may,  by  means  of  its  carbonic  acid,  dissolve  small 
quantities  of  them.  (§§  237, 276.)  In  this  manner  many  of 
wie  mineral  waters  occurring  in  nature  originate,  as,  for  in- 
stance, the  celebrated  Marienbad  springs,  &c. 

448.  Besides  peat,  we  find  two  other  vegetable  substances 
in  the  earth,  which  are  likewise  used  as  fuel,  on  account  of 
their  richness  in  carbon, — hroum  coal  and  common  ot  pit-coal. 
Both  are  the  remains  of  a  vegetation  which  covered  the 
earth  before  it  was  inhabited  bv  man.  It  is  highly  probable 
that  they  were  formed  from  the  vegetables  and  trees  of  a 
primeval  age,  when,  by  inundation,  or  some  other  violent 
revolution  which  the  crust  of  the  earth  underwent,  they  were 


VBQBTABLE  TISBITE.  361 

Imzied  under  immense  beds  of  sand  and  claj,  and  were  there 
decomposed  by  a  process  similar  to  that  of  putrefaction, 
while  the  sand  hardened  into  sandstone,  and  the  claj  into 
slaty  day  or  shale.  In  those  places  where  the  layers  of 
earth  were  not  sufficiently  strong  to  prevent  the  escape  of 
the  carbonic  acid  and  of  the  marsh  gas,  we  often  find,  as,  for 
instance,  in  many  species  of  brown  coal,  the  form  of  the 
wood  so  well  preserved,  that  the  annual  rings  may  be  dis- 
^guished  in  it  (bituminous  wood)  ;  but  in  other  places  the 
wood  is  transformed  into  a  brown  mass,  which  has  a  strong 
^resemblance  to  humus,  or  peat  (brown  coal).  But  if  the 
pressure  of  the  superincumbent  mass  of  earth  was  so  strong 
as  to  prevent  the  escape  of  the  gases  formed  during  the  de- 
composition of  the  imprisoned  plants,  they  must  necessarily 
have  remained  behind  with  the  coal.  This,  together  with 
the  compressure  of  a  weight  of  a  layer  of  earth  or  stone, 
a  thousand,  perhaps  several  thousand,  feet  thick,  accounts 
for  the  dense,  compact,  stone-like  nature  of  many  kinds  of 
coal,  especially  of  pit-coal,  and  also  for  their  property  of 
burning  with  a  flame.  Those  gases  which  were  condensed 
in  the  coal  we  obtain  again,  as  illuminating  gas  and  carbonic 
acidy  when  we  heat  the  coal  in  a  retort. 

It  is  generally  known  that  moist  vegetable  matter,  as 
grass,  hay,  manure,  &c.,  becomes  hot,  and  is  converted  into 
a  black,  richly  cain)onaceous  mass,  when  piled  together  in 
compact  heaps.  This  smouldering  sort  of  carbonisation,  taking 
place  here  on  a  small  s<;ale,  must  occur  also  on  a  large  scale, 
when,  by  some  revolution  in  the  earth,  masses  of  plants  are 
washed  together  in  heaps,  and  covered  over  with  mud ;  and 
this  smouldering  must  be  so  much  the  more  complete  the 
greater  is  the  pressure  imder  which  the  decomposition  takes 
place,  and  the  longer  the  time  occupied  in  effecting  it.  Pit- 
coal  is  usually  found  at  greater  aepths  in  the  earth,  and 
between  older  layers  of  rocks  (in  the  transition  rocks),  than 
the  brown  coal,  which  mostly  occurs  nearer  the  surface  of  the 
earth,  between  more  recent  layers  of  rocks  (in  the  tertiary 
rocks) ;  we,  therefore,  conclude  that  the  formation  of  pit-coal 
commenced  at  an  earlier  period,  and  that  of  brown  coal  not 
till  a  later  period.  The  extraordinary  differences  occurring 
in  this  process  of  decomposition,  according  to  the  variety  of 
plants,  and  the  co-operation  of  more  or  less  water,  heat,  air, 


pressure,  &c.,  are  rerj  eridexit  in  the  extraordinaiy  variefyid 
ihe  products  formed.  Many  of  the  pit  and  brown  coals  Iram 
with  a  yiyid  flame,  others  with  a  feeole  one,  and  some  witli- 
out  any ;  many  melt  in  the  heat,  others  crumble  to  a  sandy 
powder ;  many  yield  but  1  per  cent,  of  ashes,  while  otha» 
yield  from  25  to  30  per  cent.,  Ac. 

449.  Sotten  White  Wood, — Experiment. — Put,  during  the 
summer,  some  sawdust,  moistened  with  wafcer,  in  a  closed 
vessel,  and  let  it  stand  for  some  months ;  the  wood  will  gnu 
dually  lose  its  firmness,  and  be  converted  into  a  whUe^fnabU 
substance.  A  splinter  of  wood  will  not  continue  to  bum  in 
the  air  of  the  vessel,  since  the  air  no  longer  contains  free 
oxygen,  but  carbonic  acid.  The  water,  too,  has  disi^peared: 
it  has  chemically  combined  with  the  woody  tissue.  A 
similar  transformation  frequently  occurs  in  the  interior  of 
the  trunks  of  iatees,  where  the  air  camiot  have  free  access ; 
the  well-known  white  rotten  wood  is  formed  in  this  way. 
When  the  air  has  free  access,  a  brown  substance  (humus, 
ulmine)  is  produced,  such  as  occurs  in  hollow  elms,  willows, 
limes,  and  oiiher  trees. 

The  decomposition  to  which  wood  is  exposed  by  decay  and 
putrefaction  may  be  retarded  and  ehecJeed, — 

1.  By  rapid  drying,  whereby  the  water  of  the  sap  is  re- 
moved. 

2.  By  steeping  in  water  or  steam,  by  which  process  the 
sap  is  (ussolved  and  removed. 

3.  By  smearing  with  bodies  which  prevent  the  penetration 
of  the  water ;  for  instance,  with  varnish,  tar,  pitch,  &c. 

4.  By  impregnation  with  saline  solutions,  which  act  anti- 
septically ;  for  instance,  with  corrosive  sublimate  (kyanising), 
salts  of  lime,  iron,  &g. 
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n.  STAECH,  OE  FECXJLA. 

450.  A  HEAiiT  substance,  which  is  known  under  the  name 
of  starchy  or  feevla,  is  deposited  in  most  vegetables,  par- 
Fig.  IW,        ticukrly  at  the  period  of  ripening,  from  the 

juices  with  which  the  cells  of  the  plants  are 
fined. 

It  appears  to  the  naked  eye  like  particles 
of  mesS,  but  under  a  powerful  microscope  it 
is  found  to  consist  of  small,  generally  regu- 
lar grains  or  globules.  Their  position  in  the 
plant  is  shown  in  the  annexed  figure,  which 
represents  a  section  of  some  of  the  ceHs  of 
a  potato. 

If  a  fresh  plant  is  bruised  and  macerated  in  water,  and 
the  liquid  then  squeezed  out,  a  large  portion  of  the  starch 
will  pass  with  the  juice  from  the  vegetable  tissue,  and  will 
settle,  after  standing  quietly  awhile,  as  a  mealy  mass.  Po- 
tatoes, grain,  and  leguminous  plants  are  very  rich  in  starch. 

451.  JPotatoes, — JExperiment. — Easp  some  potatoes  on  a 
pprater,  knead  the  pulp  thus  obtained  with  water,  and  squeeze 
it  in  a  linen  cloth ;  ^q  fibrous  particles  of  the  cells  remain 
behind,  but  the  juice,  together  with  a  large  portion  of  the 
starch,  runs  through.  If  you  let  the  turbid  liquid  remain 
quiet  for  some  hours,  it  becomes  clear,  because  the  heavier 
stixrch  settles  at  the  bottom.  Now  decant  the  liquid,  wash 
the  starch  several  times  with  fresh  water,  allowing  it  to 
settle  each  time,  and  then  dry  it  in  a  moderately  warm 
place. 

Experimewt, — ^Heat  in  a  flask  the  clear  liquid  decanted 
firom  the  starch ;  it  becomes  turbid  when  the  heat  approaches 
the  boiling  point,  and,  after  boiling  for  a  few  moments,  de- 
posits a  flaky,  greyish-white  substance,  which  is  to  be  col- 
lected on  a  filter.  It  is  the  same  substance  already  referred 
to  (§  432),  vegetable  albumen,  characterised  by  its  property 
of  dissolving  in  cold  and  warm  water,  but  of  coagulating  in 
boiling  water.  It  contains  nitrogen,  which  the  starch  does 
not. 

JSaperiment. — Put  some  of  the  coagulated  albumen  upon 
a  piece  of  platinxmi  foil,  and  heat  it  over  a  lamp ;  it  will  bum 
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and  emit  a  very  disagreeable  empyreumatie  odour.  When 
starch  is  treated  in  the  same  manner,  it  also  gives  off  an 
empjretimatie,  but  far  less  unpleasant  smell.  All  nitro- 
genous substances  comport  themselves  in  this  respect  like 
albumen ;  all  non-nitrogenous  substances,  like  starch ;  there- 
fore, when  a  piece  of  woollen  cloth  is  singed,  it  difl^ises  a  to 
more  disagreeable  odour  than  a  piece  of  cotton  or  linen,  be- 
cause nitrogen  is  contained  iii  the  wool,  but  not  in  the  cotton 
or  linen. 

A  freshly-cut  potato  has  a  white  colour,  which,  however, 
on  longer  exposure  to  the  air,  passes  over  to  brown ;  a  simi- 
lar change  takes  place  in  the  liquid  pressed  out  from  the 
'  grated  potatoes  ;  at  first,  it  is  colourless,  but  gradually  be- 
comes darker.  The  substance,  not  yet  accurately  studied, 
which  effects  this  change  of  colour,  is  designated  by  the 
generslterm  colouring  matter ;  it  is  soluble  in  water,  as  is 
evident  from  the  last-mentioned  property. 

I]xperiment. — ^Mix  twenty  drops  of  sulphuric  acid  with 
three  ounces  of  water,  and  pour  this  acid  water  upon  a  po- 
tato cut  in  thin  slices;  after  standing  twenty-four  hours 
the  slices  are  to  be  taken  out,  and  washed  with  water  till 
they  have  no  longer  an  acid  taste,  and  then  dried.  During 
this  process  the  potatoes  lose  their  juices,  and  also  their 
albumen  and  colouring  matter,  and,  after  dr^ring,  form  a 
solid,  mealy,  white,  and  tasteless  substance,  which  swells  up 
and  becomes  soft  when  boiling  water  is  poured  upon  it.  Po- 
tatoes dried  without  this  treatment  become  grey  and  horn- 
like, and  acquire  an  unpleasant  smell. 

452.  Peas. — Experiment, — Pour  a  handful  of  peas  into  a 
capacious  vessel  containing  water,  and  let  it  stand  for  some 
days  in  a  warm  room ;  a  great  part  of  the  water  is  absorbed 
by  the  peas,  causing  them  to  swell  up,  and  finally  to  become 
so  soft  that  they  can  easily  be  mashed  between  the  fingers. 
"When  in  this  state,  bruise  them  in  a  mortar,  and  add  suffi- 
cient water  to  form  with  them  a  thin  paste,  which,  may  be 
squeezed  out  by  means  of  a  linen  cloth.  Here,  also,  we  ob- 
tain, as  from  potatoes, — 1,  ^fibrous  suhstance,  which  remains 
on  the  cloth ;  2,  starch,  which  is  deposited,  after  standing, 
from  the  turbid  liquid ;  3,  vegetable  albumen,  when  the  de- 
canted liquid  is  heated  to  boilmg. 

JExperiment, — JiVhen  you  have  separated  the  vegetable 
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albumen,  by  boiling  and  filtering,  from  the  above-mentioned 
liquid,  add  to  tbe  lEitter  a  few  drops  of  any  acid ;  a  flaky 
white  body  will  again  be  deposited ;  this  is  called  vegetable 
caserne  (cheesy  matter),  on  account  of  its  great  similarity  to 
the  cheese  contained  in  milk  (animal  caseine)  in  its  consti- 
tution and  also  in  its  properties.  Vegetable  caseine,  like 
vegetable  albumen,  contains  nitrogen  ;  but  it  is  distinguished 
from  the  latter  by  this,  namely,  that  it  is  not  coagulated  by 
boiling,  though  it  is  hy  acids.  It  occurs  in  the  juice  of 
many  plants,  but  it  is  most  abundant  in  the  seeds  of  legu- 
minous plants ;  potatoes,  likewise,  contain  small  quantities 
of  it. 

453.  Wheat  Mour. — ^aperiment, — ^Moisten  a  handful  of 
wheat-flour  with  sufficient  water  to  form  a  stiff  paste  when 
triturated  in  a  mortar ;  enclose  it  in  a  piece  of  thick  linen, 
and  knead  it  frequently,  adding  water  as  long  as  the  liquid 
which  runs  through  continues  to  have  a  milky  appearance. 
After  standing  some  time,  a  white  powder  will  settle  from 
the  turbid  watery  this  is  wheat  starch. 

Starch  is  one  of  the  principal  constituents  of  flour,  as,  in- 
deed, of  all  sorts  of  meal ;  the  second  constituent  remains 
behind  in  the  cloth,  mixed  with  vegetable  fibre,  and  is  a 
viscous,  tough,  grey  substance,  which  has  received  the  name 
gluten  (vegetable  fibrine).  The  gluten  only  swells  up  in 
water,  without  being  completely  dissolved ;  in  its  constitu- 
tion it  corresponds  exactly  with  albumen,  and,  like  this, 
contains  nitrogen. 

When  the  water  decanted  from  the  starch  is  boiled,  it 
l)ecomes  turbid,  and,  when  partially  evaporated,  yields  a 
flocculent  precipitate ;  thus,  wheat-flour  contains  also  some 
vegetable  albumen. 

45Jj.  If  the  results  of  these  experiments  are  grouped  to- 
gether, we  shall  flnd  that  there  are  always  present  in  pota- 
toes and  peas,  and  also  in  wheat-flour,  the  two  non-nitro- 
genous substances,  vegetable  tissue  and  starch,  and  also  one 
or  several  of  the  nitrogenous  compounds,  vegetable  albumen, 
caseine,  and  gluten. 

Non- Nitrogenous  Substances. 
In  potatoes :  vegetable  tissue,  starch ; 
In  peas :  vegetable  tissue,  starch ; 
In  wheat :  vegetable  tissue,  starch. 
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Nitrogenous  Substances. 
In  potatoes :  vegetable  aLbtunen,  caseine  (little) ; 
In  peas :  yegetable  albumen,  caseine  (mucb)  ; 
In  wheat:  vegetable  albumen,  gluten  (mucb). 
The  three  substances  above  named,  containing  nitrogen 
and  sulphur,  have  the  general  name  of  alhwminaus  confounds; 
hitherto  they  have  been  called  proteine-compounds.     Small 
quantities  of  one  or  more  of  them  occur  in  the  sap  of  every 
plant. 
Fig.  181. 

455.  Potato  starch  exhibits,  under  the  micro- 
scope, the  form  of  egg-shaped  grains,  consisting 
of  many  scales  overlapping  each  other ;  it  glistens 
in  the  sun,  is  hard  to  the  touch,  and  has  always 
more  of  a  pulverulent  than  of  a  concrete  cha- 
racter. 

Fig.  182. 

^^       In  the  starch  of  peas  many  of  the  grains  are 
^n  /rO^^^^^^^  longitudinally,  while  others  seem  to  be 
\}  ^  formed  by  the  growing  together  of  several  glo- 
<^  ^     bules. 

Fig.  183. 

o   ^^  Wheat  starch  consists  of  dull,  flattened,  lenti- 

0*  obr  cular  grains,  which,  when  moist,  readily  adhere  to 

«%^^  each  other,  on  which  account  the  wheat  starch  of 

^^  €)*  commerce  always  comes  in  loose  lumps.    When 

'  o^^l  ^  ground,  it  is  known  under  the  name  of  hair-pouh 

f^    -  der,4fc. 

Arrowroot  is  a  starchy  meal  used  in  medicine,  which  is 
prepared  in  the  East  and  West  Indies  from  the  roots  of  some 
marsh  plants. 

456.  Escperiment, — If  some  starch  is  placed  in  a  ladle,  and 
gently  heated  with  constant  agitation  till  dried  up,  hard, 
homy  granules  are  obtained,  which  swell  when  boiling  water 
is  poured  on  them,  and  become  gelatinous  and  tranducent ; 
these  granules  are  called  sago.  Genuine  sago  comes  from 
India,  where  it  is  prepared  from  the  starch  which  is  extracted 
from  the  pith  of  various  palm-trees. 

We  find  also  starch  granules  swollen  by  water  in  boiled 
potatoes.     One  pound  of  crude  potatoes  contains  about 


three-quarters  of  a  pound  of  watery  juice,  and  from  two 
to  two  and  a  half  ounces  of  starch ;  at  the  heat  of  boiling 
water  or  steam,  this  juice  is  absorbed  by  the  starch,  so  that 
the  swollen  grains  fill  up  the  cells,  which  thereby  acquire  a 

Fig- 184.  round  shape.  The  reticulated  appearance  in  the 
annexed  magnified  cell  arises  from  the  coagulated 
albumen  of  the  juice,  which  fills  up  the  interstices 

^  between  the  separate  granules.     All  our  baked 

food  contains  starch  as  its  principal  ingredient,  and  owes  to 
it  its  friable  and  light  character. 

457.  Experiment, — Heat  in  a  vessel  half  a  drachm  of 
starch,  with  an  ounce  or  an  ounce  and  a  half  of  water,  con- 
stantly stirring  it  till  it  boils;  the  mixture  first  becomes 
dimy,  and  finally  as  thick  as  a  jelly.  The  grains  of  starch 
absorb  water,  and  swell  up,  so  that  the  single  membranes 
break  open.  This  swollen  starch  is  well  known  for  its  adhe- 
srre  properties,  and  is  variously  employed  as  a  means  of 
thickening  printing  colours.  When  linen  and  other  woven 
fabrics  are  passed  through  a  thin  paste  of  starch,  they  ac- 
quire, after  drying,  a  degree  of  stimiess,  and  by  ironing  or 
strong  rubbing  and  pressmg  a  bright  gloss  (starching).  The 
swelling  of  many  of  our  most  common  articles  of  food,  such  as 
rice,  groats,  barley,  beans,  peas,  lentils,  Ac,  when  boiled  with 
water,  is  now  readily  explained  by  their  containing  a  large 
quantity  of  starch. 

EsMperiment. — H  you  let  some  starch  paste  remain  for  a 
length  of  time  in  a  warm  place,  it  gradually  becomes  thin 
and  sour ;  it  thus  passes  into  a  peculiar  acid,  which  has  re- 
ceived the  name  of  lactic  acid.  The  same  acid  is  produced 
wiien  milk  becomes  sour,  and  it  imparts  to  curdled  milk  and 
to  buttermilk  their  well-known  sour  taste. 

JSxperiment, — ^Dilute  some  starch  paste  with  a  large  pro- 
portion of  water,  and  add  to  it  a  few  drops  of  tincture  of 
iodine  (J  155)  ;  an  intensely  deep  hlue  liquid  {iodide  ^ 
starch)  is  produced.  The  same  colour  may  be  perceived  hj 
dropping  some  tincture  of  iodine  upon  flour,  potatoes,  car- 
rots, &c.  We  have  in  iodine  an  extremely  delicate  test 
for  starch. 

There  is  a  peculiar  kind  of  ptarch  called  inuline,  which 
occurs  in  the  roots  of  the  elecampane  and  the  dandelion,  and 
in  the  bulbs  of  the  dahlia;  this  is  coloured  yellow  by  the 
tincture  ot  iodine. 
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Another  variety  of  starch,  which  is  coloured  brown  by  the 
tineture  of  iodine,  is  found  particularly  in  Iceland  moss,  and 
is  called  lichenme. 

Change  of  Starch  into  Oiim  and  Sugar. 

458.  Starch  Ghtm, — I^xperiment. — If  starch  is  heated  in  a 
ladle  over  a  gentle  alcohol  flame,  and  during  the  heating 
(roastiug)  is  constantly  stirred  to  prevent  its  burning  and 
baking  on  the  bottom  of  the  ladle,  it  acquires  after  a  while  a 
yellow,  and  finally  a  brownish-yellow  colour,  and  then  pos- 
sesses the  new  property  of  dissolving,  both  in  cold  and  in  hot 
water,  into  a  mucilaginous  liquid.  (Common  starch  is  en- 
tirely insoluble  in  cold  water,  and  only  swells  up  in  hot 
water.)  Starch  thus  transformed  is  called  roasted  starchy 
starch  gum,  or  British  gum.  It  is  well  adapted  for  the  thicken- 
ing of  colours  and  mordants  in  calico-printing,  and  therefore 
is  now  often  made  on  an  extensive  scale,  usually  by  roasting 
starch  in  large  coffee-roasters. 

Experiment. — ^Mix  thoroughly,  in  a  small  dish,  half  an 
ounce  of  starch  with  one  drachm  of  water  and  four  drops  of 
nitric  acid ;  let  the  mixture  dry  in  the  air,  and  then  place  it 
on  the  plate  of  a  heated  oven,  which  is  just  hot  enough  to 
hiss  feebly  when  touched  with  the  moistened  finger.  After 
some  hours,  all  the  nitric  acid  will  be  expelled,  and  the  starch 
will  dissolve  almost  entirely  in  cold  water,  and  completely  in 
hot  water.  Starch  gum  thus  made  is  white,  or  has  only  a 
slight  yellowish  tinge. 

Ea^eriment. — Make  a  ^aste  of  potato  starch  by  boiling 
starch  with  water,  and,  while  still  hot,  add  to  it,  in  a  saucer, 
some  drops  of  sulphuric  acid,  with  constant  stirring.  That 
this  acid  effects  a  change  is  evident,  for  the  viscid  mass  very 

Fig,  185.  ^^^^  becomes  a  thin  liquid.  Now  place  the 
saucer  on  a  jar,  in  which  some  water  is  sunmering 

t    (steam-bath),  and  let   it  remain  over  the  hot 
steam  (the  contents  of  the  saucer   not  being 
heated  quite  to  the  boiling  point)  until  the  liquid 
has  become  semi-transparent.     When  this  is  the 
case,  add  prepared  chalk  by  small  portions  at  a 
time  to  the  liquid,  imtU  it  ceases  to  give  an  acid 
Reaction,  and  after  having  filtered  it  from  the  gypsum,  leave 
it  to  evaporate  in  a  warm  place.    The  dry  residue  has  an 
amorphous^  ^treous  appearance,  an  insipid  taste,  and  disr 
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solves  in  water,  forming  a  transparent  viscid  fluid ;  it  is  not 
soluble  in  alcohol.  Vegetable  substances  with  such  pro- 
perties are  usually  called  (/vms ;  the  gum  obtained  from 
starch  has  received  the  special  name  of  dextrine, 

459.  Starch- SiMitr, — iJxperiment, — ^Repeat  the  former  ex- 
periment, with  the  following  deviation.  Bring  to'  brisk 
boiling  two  ounces  and  a  half  of  water,  to  which  twenty 
drops  of  sulphuric  acid  have  been  added,  and  then  add  one 
ounce  of  starch  mixed  with  a  little  water,  forming  a  paste, 
but  only  in  small  quantities  at  once,  that  the  boiliag  may  not 
be  interrupted.  When  all  the  starch  is  stirred  in,  let  the 
mixture  boil  for  some  minutes,  then  neutralise  the  acid  with 
chalk,  and  evaporate  the  filtered  liquid  to  the  consistency  of 
a  thick  syrup.  It  possesses  a  veiy  sweet  taste,  and  consists 
of  a  solution  of  sugar  in  water.  The  starch-ayrvp  thus  made, 
as  well  as  the  white,  solid  starchrsugar,  easily  prepared  from 
it,  are  now  both  articles  of  commerce. 

Starch,  as  shown  by  these  experiments,  is  converted  by 
sulphuric  acid,  on  moderate  heating,  into  gum  ;  on  stronger 
heating,  into  sugar.  In  the  latter  case,  also,  dextrine  is  first 
formed,  but  this  soon  passes  over  into  sugar.  Accordingly, 
sulphuric  acid  exerts  two  different  actions.  By  the  fost 
action,  the  starch  becomes  gvm  (dextrine).  By  the  second 
action,  the  dextrine  becomes  suaar. 

It  has  not  yet  been  explained  how  this  effect  is  produced. 
Starch,  starcn-gum,  and  starch-sugar  have  each  the  same 
constitution  (isomeric),  so  that  their  difference  undoubtedly 
depends  upon  a  different  arrangement  of  the  atoms  of  carbon, 
hydrogen,  and  oxygen  contained  in  them,  and  it  is  undoubtedly 
the  Bidphuric  acid  which  effects  this  change  in  the  position  of 
the  atoms.  No  portion  of  the  sulphuric  acid  has  been  de- 
composed,  neither  has  any  of  it  combined  with  the  organic 
substance ;  for  we  find  again,  in  the  sulphate  of  lime  formed, 
exactly  the  same  quantity  of  sulphuric  acid  that  had  been 
ori^ally  emplcn^ea.  Accordingly,  in  this  case  it  exerts  an 
action  quite  different  from  the  usual  action ;  it  is  an  action 
like  that  of  spongy  platinum,  which  can  excite  a  chemical 
activity  in  another  substance,  without  itself  undergoing  any 
change.  This  peculiar  mode  of  action  of  sulphuric  acid  and 
of  platinum  is  often  designated  by  the  name  of  "  action  of 

2a  ^ 
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presence  "  (contact),  or  action  by  cataUfsie  (power  of  conver- 
sion). 

460.  Malt  and  Diastase. — JSaperiment. — Pour  two  ounces 
of  lukewarm  water  upon  a  quarter  of  an  ounce  of  coarsely 
pulverised  barley-malt ;  let  the  mixture  remain  some  hours 
near  a-  fire  or  stove,  or  in  the  sun,  and  then  strain  it  through 
a  linen  cloth ;  there  is  found  in  the  filtrate  a  substance  not 
yet  well  known,  called  diastase,  by  means  of  which  the  starch 
may  be  converted  into  gvm  and  sugar  in  the  same  way  as  by 
sulphuric  acid. 

JSaperiment — ^Eub  a  quarter  part  of  the  diastase  with  some 
hot  starch  paste,  made  of  a  quarter  of  an  ounce  of  potato 
starch  and  two  ounces  of  water ;  heat  the  mixture  moderately, 
but  not  above  149°  F.  (66°  C),  until  the  paste  is  formed  into 
a  thin,  transparent  liquid.  Now  boil  this  liquid  for  some 
time  at  a  stronger  heat,  strain  through  a  cloth,  and  let  it 
evaporate  in  a  warm  place.  The  mass  remaining  behind  is 
like  that  obtained  at  §  458,  and  consists  of  dextrine,  or  starch- 
gum. 

Experiment. — ^Treat  the  other  three-quarters  of  the  dias- 
tase m  the  same  way,  but  prolong  the  heating  for  several 
hours,  which  may  be  most  conveniently  done  on  the  hearth 
of  a  stove  or  fireplace,  apptyirig  to  the  liquid  a  heat  not  above 
158°  P.  (70°  C.)  or  167°  F.  (76°  C.)  Here  also  dextrine  is 
the  first  product  formed;  but  this  is  soon  converted  on 
further  boiling  into  starch-sugar,  as  may  easily  be  perceived 
by  its  taste.  By  evaporation,  syrup  of  starch  is  obtained,  as 
in  §459. 

461.  The  remarkable  change  which  malt  causes  in  starch  is 
to  be  ascribed  to  the  diastase  contained  in  the  malt.  This 
substance  obviously  acts  in  a  very  similar  manner  to  sulphuric 
acid,  but  its  mode  of  action  is  as  yet  likewise  unknown.  At 
212°  E.  (100°  C),  consequently,  on  boiling  the  liquid,  the 
effect  of  the  malt  (diastase)  is  destroyed.  The  process  of 
forming  sugar  by  means  of  the  diastase  of  malt  is  of  great 
importance  to  the  brewer  and  distiller,  as  in  the  manufacture 
of  beer  from  barley  or  wheat,  or  spirit  from  rye  and  potatoes, 
the  starch  of  these  substances  must  always  be  previously  con- 
verted into  sugar,  before  fermentation  and  the  consequent 
formation  of  alcohol  can  take  place.    In  both  cases  it  is  the 
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diastase  of  the  malt,  which  is  indispensable  in  brewing  and 
in  the  distillation  of  spirit,  that  effects  this  change  in  the  bo- 
ceiRed  mashing  process, 

462.  The  taste  of  malt  is  sweet  and  mucilaginous,  because 
the  conyersion  of  the  starch  into  dextrine  and  sugar  com- 
mences during  germination,  the  further  progress  of  which  is 
arrested  in  this  case  by  drying.  If  the  germinated  barley  is 
allowed  to  continue  growing,  as  it  does  in  the  open  fields,  all 
the  starch  gradually  vanishes  from  the  grain,  ^nd  passes,  in  the 
form  of  dextrine  and  sugar,  into  the  juice  of  the  young  plant, 
as  is  obvious  from  the  sweet  taste  of  the  latter,  and  from  its 
mucilaginous  feeling  when  rubbed  between  the  fingers. 

A  similar  metamorphosis  is  also  clearly  to  be  perceived  in 
potatoes.  The  quantity  of  starch  contained  in  one  hundred 
pounds  of  the  same  kind  of  potatoes  has  been  found  to  be,  in 
August,  10  pounds ;  in  September,  14 ;  in  October,  16 ;  in 
November,  16;  in  December,  17;  in  January,  17;  in 
February  16 ;  in  March,  15  ;  in  Apnl,  13 ;  in  May,  10.  Ac- 
cordingly, the  quantity  of  starch  in  potatoes  increases  during 
the  autumn,  remains  stationary  durmg  the  winter,  and  in  the 
spring,  after  the  germinating  principle  is  excited,  it  dimi- 
nishes. It  is  a  weU-known  fact,  that  on  germination  potatoes 
become  soft,  mucilaginous,  and  afterwards  sweet;  the  dex- 
trine forming  from  the  starch  renders  them  mucilaginous, 
and  the  sugar  forming  from  the  dextrine  renders  them  sweet. 
This  process  of  transformation  advances  still  ftirther  in  the 
earth,  the  potatoes  becoming  constantly  softer  and  more 
watery,  and  when  the  starch  is  completely  consumed  in  the 
growth  of  the  young  plant,  the  process  or  decay  commences, 
and  its  products,  carbonic  acid,  water,  and  ammonia,  may  be 
regarded  as  food  for  the  somewhat  older  plant. 

463.  Unripe  apples  and  pears  are  coloured  blue  by  tincture 
of  iodine;  consequently  they  contain  starch.  "Wlien  com- 
pletely ripe,  they  cease  to  give  this  reaction;  therefore  starch 
has  disappeared  on  ripening,  as  appears  by  the  taste  of  the 
fruits  ;  they  are  sweet,  and  we  must  therefore  presume  that 
here  dso  a  transformation  of  the  starch  into  dextrine  and 
sugar  has  taken  place.  It  appears,  also,  that  frost  is  capable 
of  exerting  a  similar  influence  upon  these  vegetable  sub- 
stances, which  are  rich  in  starch ;  it  is  weU  enough  known, 
that  frozen  potatoes,  apples,  medlars,  <&c.,  have  a  sweet  taste 
after  being  thawed. 

2A.2 
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ni.  GUM  AND  VEGETABLE  MTJCXJS. 

464.  It  has  already  been  explained,  when  apeaking  of  dex- 
trine, what  kind  of  vegetable  matter  is  called  ywTw,  and  like- 
wise that  it  is  an  intermediate  substance  between  starch  and 
sugar.  Dextrine  is  one  of  the  most  widely  diffused  sub- 
stances in  the  vegetable  kingdom,  since  we  find  it  in  greater  or 
less  quantities  in  the  juice  of  every  plant. 

But  there  exist  in  many  plants  certain  sorts  of  gum,  and 
sometimes  in  such  abundMice,  that  they  exude  from  the  bark 
as  a  viscid  liquid,  and  harden  upon  it  in  transparent  globiilar 
masses,  such  as  we  see  on  our  peach  and  cherry  trees.  The 
name  resin,  by  which  these  dried  vegetable  juices  are  fre- 
quently designated,  is  erroneous,  because  by  resins  are  meant 
those  vegetable  juices  which  do  not  dissolve  nor  soften  in 
water,  but  are  soluble  in  alcohol.  The  action  of  gum  is 
different;  this  is  insoluble  in  alcohol,  but  is  softened  and 
dissolved  by  water. 

465.  Ghum  Arabi<!. — The  best  known  of  these  peculiar 
sorts  of  gum  is  gum  Arabic,  which  exudes  spontaneously 
from  several  species  of  acacia  in  Africa.  The  finer  sorts  of 
it  are  white ;  tiie  more  cominon  kinds  have  a  yellow  or  brown 
colour.  When  well  dried,  it  is  so  hard  and  brittle  that  it 
may  be  reduced  to  a  powder  by  pounding. 

Experiment, — Pour  two  drachms  of  cold  water  on  one 
drachm  of  gum  Arabic,  and  occasionally  stir  the  mixture ; 
the  gum  will,  after  a  few  days,  entirely  dissolve  in  the  water, 
forming  a  viscid  transparent  mticilaffe,  which  may  be  diluted 
at  pleasure  with  more  water.  This  mucilage  has  great  adhe- 
siveness, for  which  reason  it  is  often  used,  instead  of  paste 
or  glue,  for  joining  together  paper,  Ac,  or  for  convertmg  a 
pulverulent  substance  into  a  coherent  mass  (crayons,  pas- 
tilles, &c.)  ;  it  has,  moreover,  a  thick  consistency,  and  hence 
is  variously  employed  in  calico-printing  as  a  thickening  mate- 
rial for  colours  and  mordants,  and  in  finishing  and  (fressing 
operations.  A  variety  of  gum  obtained  from  the  shores  of 
the  Senegal,  whence  it  has  been  called  ^um  Senegal,  is  pecu- 
liarly well  adapted  for  the  latter  purpose,  as  it  yields  a 
thicker  mucilage  than  the  common  gum  Arabic. 

JExperiment, — Pour  some  drops  of  mucilage  of  gum  Arabic 
into  alcohol;  they  will  not  mix  with  each  other,  as  the  gum 
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is  insoluble  in  alcohol.  If  the  mucilage  is  previously  mixed 
with  water,  forming  a  thin  clear  liquid,  and  is  then  added  to 
the  alcohol,  a  turbidness  ensues,  and-afberwards  a  fl^  pre- 
cipitate will  subside ;  accordingly,  alcohol  may  be  used  for 
removing  gum  from  those  liquids  which  contain  it. 

In  a  chemical  sense,  only  those  sorts  of  gum  are  designated 
by  the  name  of  gvm  which  dissolve  completely  in  cold  water, 
arid  thus  form  a  clear,  transparent  liquid. 

466.  Ghi/m  tragctca/nth  is  also  a  vegetable  exudation,  well 
known  as  a  stiffening  material,  and  as  forming  with  water  an 
adhesive  paste;  it  exudes  from  a  shrub  which  grows  in 
Greece  and  Turkey,  and  it  occurs  in  commerce  in  the  form 
of  white,  tortuous  filaments,  or  bands. 

Experiment — ^Let  a  piece  of  tragacanth  remain  for  some 
days  in  cold  water ;  it  will  soften  and  swell  into  a  stiff,  viscid 
jelly ;  a  single  drachm  of  it  is  sufficient  to  convert  one  pound 
of  water  into  a  thick  mucilage.  The  tragacanth  does  not 
dissolve,  but,  like  starch,  only  swells  wp  ;  li  the  mucilage  is 
boiled,  the  mass  becomes  more  uniform,  but  a  complete  solu- 
tion is  not  effected. 

This  kind  of  gum  has  been  called  vegetable  ww{?i**-(Basso- 
rine),  to  distinguish  it  from  the  former ;  it  occurs  also  in 
many  other  plants,  as,  for  instance,  in  the  leaves  of  the  mal- 
lows an4  the  coltsfoot,  in  the  roots  of  the  althea  and  salep, 
in  flax  and  quince  se^ds,  and  in  carrageen,  &c.  This  muci- 
lage abounds  in  the  cores  of  the  quince,  for  it  surrounds  the 
seeds  as  a  whitish,  transparent  substance ;  it  must  obviously 
be  very  plentiful,  since  one  drachm  of  quince-cores  is  sufficient 
to  convert  half  a  pound  of  water  into  a  thick  mucilage. 

467.  Experiment. — If  you  pour  a  large  quantity  of  water 
upon  some  of  the  gum  of  cherry  or  plum  trees,  part  of  the 
gum  will  be  dissolved  after  some  time,  but  a  part  will  remain 
undissolved  as  a  swollen  mass  (vegetable  mucus,  cerasine). 
These  two  vegetable  exudations  must  accordingly  be  regarded 
as  mixtures  of  gum  and  vegetable  mucus. 

468.  Fectine. — The  juices  of  many  fruits  and  roots,  for 
instance,  currants,  gooseberries,  cherries,  apples,  carrots,  Ac, 
contain  a  peculiar  kind  of  mucus,  which  communicates  to  the 
juice  the  propertrjr,  especially  when  previously  boiled  with 
sugar,  of  hardening  into  a  gelatinous  mass  'after  cooling. 
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This  mucus,  to  which  the  solidificatioa  of  the  juice  is  to  be 
ascribed,  has  received  the  special  name  of  peidme  (ragetaUe 
JeUy).  j_ 

IV.  SUGAE  (SACCHABTJM). 

469.  Svffor  of  Starch. — The  maimer  of  converting  starch 
into  sugar  has  already  been  described  under  the  head  of 
Starch.  This  sugar  may  be  prepared  in  two  ways ;  either 
by  boiling  with  duuted  sulphuric  acid  (syrup  of  starch),  or 
by  digesting  the  starch  with  malt  or  diastase  (malt  syrup)  t 
^th  of  these  syrups  may  be  regarded  as  concentrated  solu- 
tions of  sugar  in  water. '  If  a  very  concentrated  syrup  of 
starch  is  allowed  to  remain  standing  for  some  time,  a  granular 
sediment  separates  from  it,  while  a  part  of  the  solution  of 
sugar  remains  fluid  and  ropy.  The  solid  sugar  thus  obtained, 
which  consists  of  fine  granules,  is  called  starch  sugar,  and  the 
liquid  portion,  which,  even  on  being  evaporated  to  dryness, 
always  again  attracts  moisture  and  deliquesces,  is  called  UfM 
suga/r. 

Honey  bears  a  strong  resemblance  to  starch-sugar.  If  it 
is  kept  for  some  time  after  being  meltod,  the  mass,  at  first 
homogeneous,  likewise  separates  into  two  parts,  into  a  gra- 
nular solid  residue,  and  into  a  syrupy  liquid.  The  former 
consists  of  starch-sugar,  the  latter  of  uquid  sugar. 

This  species  of  sugar  (starch-sugar)  is  formed  also  in  maziy 
vegetables,  and  is  especially  abundant  in  fruits ;  as, .  for 
example,  in  plums,  cherries,  pears,  figs,  grapes,  Ac.  The 
white  coating  of  prunes,  and  the  white,  sweet  grains  in 
raisins,  consist  of  it.  On  account  of  this  origin,  sugar  of 
starch  ia  also  called  grape^tigar. 

1£  you  taste  a  dned  granule  of  sugar  from  a  raisin,  and 
then  a  little  common  sugar,  you  will  at  once  perceive  that 
the  former  is  much  less  sweet  than  the  latter ;  one  ounce  of 
common  sugar  has  the  same  sweetening  power  as  two  ounces 
and  a  half  of  grape-sugar.  The  solubility  of  these  two  va- 
rieties of  sugar  in  water  is  likewise  very  different,  grape- 
sugar  dissolving  in  it  much  less  readily  and  more  slowly  than 
common  sugar.  While  one  ounce  of  cold  water  can  dissolve 
three  ounces  of  common  sugar,  it  is  able  to  take  up  only  two- 
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thirds  of  an  ounce  of  grape-sugar ;  the  solution  of  sugar 
(syrup)  prepared  from  the  former  is,  accordingly,  of  a  much 
slnronger  and  more  tenacious  consistency  than  that  prepared 
from  grape-sugar. 

470.  Cane-Su^ar, — Our  common  sugar  is  different  from 
those  kinds  of  sugar  just  described ;  it  is  either  prepared  in 
the  tropical  regions,  from  the  juice  of  the  sugar-cane  (cane- 
sugar),  or  in  France  and  Qermany,  from  the  juice  of  the  beet 
(beet-root  su^ar). 

The  operations  whereby  this  sugar  is  obtained  on  a  large 
scale  are  the  following : 

1.  JEJxpreisin^  the  juice  from  the  sugar-cane  or  the  rasped 
pulp  of  the  beet,  either  by  strongly  squeezing,  or  by  hyiro- 
stauc  pressure. 

2.  Boiling  down  the  juice  with  the  addition  of  lime,  by 
which  several  foreign  substances  are  precipitated,  until  it  ac- 
quires the  consistency  of  a  thick  syrup ;  on  cooling,  the  crude 
sugar  is  deposited  m)m  it,  in  brownish-yellow  crystalline 
grains  (raw  sugar,  or  Muscovado  avgar).  The  liquid  sugar 
which  does  not  crystallise  is  allowed  to  drain  off,  and  forms 
the  well-known  hrown  ayrwp  (molasses). 

3.  Befining  the  raw  sugar — ^that'is,  the  removal  of  the 
brown  syrup  still  adhering  to  it.  This  is  done — a),  by  redis- 
solving  the  raw  sugar  in  a  little  water;  h\  bjr  filtering  the 
brown  solution  through  coarsely-ground  ammal  charcoal^ 
which  retains  the  colouring  matter ;  c),  by  evaporating  the 
clarified  solution  in  vacuum  pans.  The  concentrated  syrup  is 
then  allowed  to  cool  in  moulds  of  a  conical  shape,  stirring  it 
fr«^uently  to  disturb  the  crystallisation.  A  solid  mass,  con- 
sistmg  Of  small  fragmentary  crystals,  the  common  loaf-sugar, 
is  obi^ed,  from  which  the  remaining  liquid  sugar  is  removed 
by  letting  a  concentrated  solution  of  crystallisable  sugar  gra- 
dually percolate  through  (liquoring).  The  thoroughly  puri- 
fied and  glistening  white  sugar  is  called  refined  loaf-sugar; 
that  which  is  not  so  completely  clarified,  and  has  a  yellowish 
tinge,  is  the  common  loat-sugar. 

Experiment, — Dissolve  ha&  an  ounce  of  sugar  in  a  quarter 
of  an  ounce  of  hot  water ;  the  viscous  solution  is  called  white 
(jrimple)  9yrwp,  If  this  solution  is  put  in  a  cup,  and  set  aside 
in  a  warm  place,  and  evaporated  slowly,  the  sugar  will  sepa- 
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rate  from  it,  crystallising  in  oblique  six-eided 
Fig.  186.  prisms.  In  a  similar  manner  white  sugars 
candy  is  prepared  on  a  large  scale  &om  refined 
sugar,  brown  candy  from  raw  sugar.  As  the 
crystals  deposit  more  readily  on  substances 
having  a  rough  than  on  those  having  a  smooth 
surface,  fine  threads  or  pieces  of  wood  are 

stretched  across  the  vessels  containing  the  syrup,  and  they 

soon  become  coated  with  crystals. 

471.  Cane-sugar,  as  already  stated,  has  a  much  sweeter 
taste  than  grape-sugar ;  therefore,  when  used  as  a  sweetening 
agent,  it  possesses  a  far  greater  value  than  the  latter.  The 
white  sugar  now  occurring  in  the  market  in  Germany  is  fre* 
quently  found  to  be  composed  partly  or  entirely  of  starch- 
sugar. 

Experiment, — Put  into  a  test-tube  a  piece  of  cane-sugar^  - 
and  into  another  some  granules  of  grape-sugar  taken  from  a 
raisin,  and  pour  over  them  strong  sulphuric  acid ;  the  cane- 
sugar  becomes  black  by  gentle  heating  (it  is  charred),  but 
not  so  the  starch-sugar.  An  opposite  reaction  takes  place 
when  the  two  sorts  of  sugar  are  heated  with  a  solution  of 
potassa ;  the  grape-sugar,  but  not  the  cane-sugar,  assumes  a 
dark  colour. 

Encperiment, — ^These  two  sorts  of  sugar  may  be  more  accu- 
rately distinguished  from  each  other  by  the  copper  test. 
Pirst  add  te  the  solutions  of  sugar  some  drops  of  a  solution 
of  blue  vitriol,  then  some  drops  of  solution  of  potassa,  and 
place  both  vessels  in  hot  water;  the  liquid  containing  the 
grape-sugar  assumes  in  a  few  minutes  a  reddish-yellow  colour, 
whfle  that  containing  the  cane-sugar  remains  blue.  The 
grape-sugar  is  able  to  abstract  from  the  oxide  of  copper  half 
of  its  oxygen,  whereby  reddish-yellow  suboxide  of  copper  is 
formed.  (§  364.)  Cane-sugar  is  also  able  to  effect  this 
change,  but  not  till  after  boiling,  or  after  standing  several 
days.  The  sugar  is  converted  by  the  oxygen  taken  up  into 
an  entirely  new  substance,  called  formic  acid.  Grape-sugar 
may  be  distinctly  recognised  by  this  test,  even  in  an  ex- 
tremely diluted  solution. 

472.  Liquid  or  mucic  Stsgar. — By  this  very  indefinite  name 
are  commonly  designated  all  those  kinds  of  sugar  which  do 
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not  yield  on  evaporation  a  solid  crystalline  or  granular,  but  a 
vitreous  amorphous  mass,  which  on  exposure  to  the  air  again 
attracts  water,  and  deliquesces.  This  kind  of  sugar  is  com- 
monly called  syrup  and  molasses. 

473.  ^ugar  of  milk  is  that  particular  kind  of  sugar  which 
occurs  in  milk,  and  imparts  to  it  its  agreeable  sweetish  taste. 

•  It  is  obtained  in  hard,  white,  crystalline  masses,  by  evapo- 
rating the  sweet  whey.  Sugar  of  milk  is  much  less  sweet  to 
the  taste  than  grape-sugar,  and  requires  six  parts  of  cold 
water  for  its  solution.  .  It  is  well  known  that  milk  becomes 
BOUT  by  standing  for  some  days ;  this  is  owing  to  the  sugar 
of  milk  being  gradually  converted  into  a  peculiar  acid,  called 
lactic  acid. 

474.  Mannite  is  a  substance  resembling  sugar,  constituting 
the  principal  part  of  manna  (the  concrete  sweet  juice  of  some 
species  of  the  ash,  growing  principally  in  Italy). 

GHAyOES  OF  BXrOAB. 

475.  fl.)  Cha/nge  hy  Heat. — ^Experiment. — Boil  in  a  dish 
half  an  ounce  of  sugar  with  one  drachm  of  water,  until  the 
viscous  solution  begins  to  assume  a  yellowish  tinge;  then 
poxur  it  upon  a  plate  previously  smeared  with  a  little  olive- 
oil.  The  transparent  brittle  mass  is  melted  sugar  in  an 
amorphous  state  (barley-sugar  or  bonbons).  The  sugar  is 
first  dissolved  by  the  water ;  on  boiling,  the  water  is  again 
evaporated,  and  the  sugar  passes  gradually  from  the  dissolved 
to  the  melted  state.  The  yellowish  colour  indicates  that  all 
the  water  has  passed  off,  and  that  the  sugar  is  on  the  point 
of  becoming  burnt. 

If  the  transparent  sugar  is  kept  for  some  weeks,  it  becomes 
opaque  and  crystalline,  when  it  can  easily  be  broken  up  and 
fiiiely  comminuted.  There  is  a  scientific  interest  in  this,  as 
it  clearly  affords  another  illustration  (§  280)  of  the  fact,  that, 
even  in  a  solid  state,  the  smallest  particles  of  sugar  (its 
atoms)  can  change  their  situation  with  respect  to  each 
other. 

Experiment. — ^Eepeat  the  former  experiment,  but  without 
stoppmg  the  heating  on  the  appearance  of  the  yellow  colour ; 
the  sugar  will  grow  darker,  until  it  finally  attains  a  brownish- 
black  colour,  and  wiU  exhale,  at  the  same  time,  a  peculiar 
empyreumatic  odour.  On  cooling,  it  is  obtained  as  a  hard, 
almost  black  mass,  which  soon  deliquesces  in  the  air,  forming 
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a  dark  syrup,  and  is  cSkHei  burnt gu^oTj or ^arawtel.  Acou^ 
of  drops  of  it  impart  to  a  large  vessel  Med  with  wat^  tlie 
appearance  of  Jamaica  rum.  On  account  of  its  strong  oo- 
louring  properties,  burnt  sugar  is  much  used  for  imparting  to 
liquors — ^vinegar,  alcohol,  Ac. — ^a  ydlow  or  brown  coloiur. 

Experiment. — When  exposed  to  a  still  stronger  heat,  ttte 
sugar  becomes  charred,  and  finally  bums  like  wood,  as  ma^ 
^    jg^  easily  be  seen  by  holding  a  piece  c^  it 

on  platinum  foil  oyer  an  alcmiol  flame. 
The  flame  indicates  also  tiiat  inflamma- 
ble gases  are  evolved.  Pure  sugar  leaves 
no  residue.  K  it  contains  lime,  white 
ashes  remain  behind  upon  the  foil, 
which  do  not  volatilise  even  at  tiie 
strongest  heat. 
476.  h.)  Chcmge  hy  Adds. — Experiment, — ^If  you  add  a  few 
drops  of  lemon-juice,  or  a  little  tartaric  acid,  to  a  thick,  boil- 
ing solution  of  sugar,  it  immediately  becomes  a  thin  H^uid, 
which  does  not  crystallLse  on  evaj^oration ;  thus  is  explained 
why  the  sweet  juices  of  fruits,  m  which  organic  acids  are 
always  present,  do  not  yield,  on  being  boiled  down,  a  solid 
sugar,  but  only  a  thick  syrup.  If  you  treat  the  soluticm  ci 
sugar  as  directed  in  the  copper  test  (§  471),  you  will  find  that 
it  now  contains  grape-sugar ;  cane-sugar  is  therefore  conv^i^ 
by  boiling  with  organic  acids  into  gr^pe-sugar.  This  meta- 
morphosis is  produced  also  in  various  other  ways,  as  by  m^re 
prolonged  boiling  of  the  soluticms  of  sugar,  by  boiling  them 
with  diluted  sulphuric  acid,  by  fermentation,  &c.  If  sugar  is 
boiled  for  a  long  time  with  diluted  sulphuric  acid,  it  finally 
passes  into  a  brown  substance,  resembling  humus.  When 
boiled  with  nitric  or  other  acids,*  which  yield  oxygen,  it  oxi- 
dises first  into  saccharic  acid,  then  into  oxalic  add,  and  finally 
into  carbonic  acid  and  water. 

Sugar,  as  though  it  were  an  acid,  can  combine  in  fixed  pro- 
portions with  oxide  of  lead,  lime,  and  many  other  bases ;  but 
.it  thereby  loses  its  sweet  taste. 

EETEOSPECT    OF    THE  VEaETABLE   MATTEES  HITHEETO    CON- 
SIDEEED    (VEaETABiE    TISSUE,  STAECH,  GUM,  MUCUS,  AKI) 

sugae). 

1.  Organic  substances  are  such  chemical  combinations  as 
are  formed  in  animals  and  vegetables  during  life  (edicts). 
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2.  But  we  also  designate  by  this  term  those  ch^nical  com- 
pounds wluch  are  formed  firom  animal  and  vegetable  matters^ 
whether  they  are  transformed  with  or  without  artificial  assist* 
aooe  (pioduicts). 

3.  Organic  matter  undergoes  decomposition  with  remark' 
aidefaeUitjf.    We  obs^re  such  dianges, — 

tf.J  In  hying  animals  and  plants  (germinaticm,  ripening, 
Ac, — ^respiration,  digestion,  &C.). 

h.)  In  dead  animals  and  vegetables  (fermentation,  putre- 
ftction,  decay,  &c). 

c.)  In  the  decay  of  animal  and  vegetable  matter  (charring, 
burning,  &c.). 

d,)  Li  the  treatment  of  organic  substances  with  acids, 
bases,  &o. 

4.  In  all  these  changes,  the  form  only  of  the  organic  body 
disappears ;  the  elements  of  which  they  consist  are  unchange- 
able :  they  vanish  from  our  sight  only  because  they  assume 
an  aeriform  shape. 

6.  "We  have  not  yet  succeeded  (with  a  few  unimportant 
exceptions)  in  preparina  aaiximitatin^  the  organic  combina- 
tions by  putting  together  their  constituent  parts;  we  are 
only  able  to  decompose  them,  and  to  convert  the  elements  into 
new  bodies. 

6.  The  four  organogens,  oxygen,  hydrogen,  carbon,  and 
mtrogen,  are  the  principal  constituents  (the  elementaiy  con- 
stituents) of  all  that  lives  and  has  ever  lived.  A  few  inorganic 
substances  only  are  added  to  them,  as  sulphur,  phosphorus, 
potassium,  calcium,  &c, 

7.  These  four  organogens  have  the  power  of  combining  in 
an  wiUmUed  manner  witl^  each  other,  and,  indeed,  not  only 
with  each  other,  but  also  with  many  inorganic  substances ; 
the  number  of  the  organic  combinanons  ii  therefore  almost 
infinite. 

8.  Thus,  since  the  difierence  of  organic  matter  cannot,  as 
in  inorganic  substances,  consist  in  the  number  of  the  con- 
stituents, so  the  cause  of  this  difference  must  be  sought  for 
in  the  varied  juxtaposition  or  grovpvng  of  these  constituents 
{compound  radicals). 

9.  VegetMe  tissue,  starch,  gum,  mnctts  and  sngar,  are 
among  tne  most  widely  diffused  of  the  groups  of  atoms  (or 
proximate  constituents)  occuring  in  the  vegetable  kingdom. 
^S^fy  are  present  in  all  plants. 
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10.  They  have  neither  acid  nor  basic  properties,  and  are 
therefore  cicilled  indifferent  vegetable  substances. 

11.  There  is  a  very  great  similarity  in  their  constitution ; 
namely,  they  consist  of  only  three  elements,  carbon,  hydrogen, 
and  oxygen  (they  are  non-nitrogenous)  ;  and,  moreover,  they 
contain  oxygen  and  hydrogen  dways  in  the  same  proportion 
as  in  water,  namely,  in  equal  atoms. 

12.  These  foiur  proximate  constituents  of  the  vegetaHe 
kingdom  form  a  principal  ingredient  of  all  our  veget<Me 
food;  thev  play,  accordingly,  a  very  important  part  in  the 
process  of  animal  life. 


V.  ALBXJMINOFS  SUBSTANCES  (Niteogenoits  aitb 

SULPHimiSED  SUBSTANCIfs). 
-   ALBUMEN,  CASEINE,  AlH)  GLUTEN. 

477.  TJiTDEB  the  head  of  Vegetable  Tissue,  when  speaking 
of  the  preparation  of  starch,  it  has  already  been  shown  whs* 
is  to  be  understood  by  vegetable  albumen,  caseine,  and  gluten, 
and  that  all  plants  contain  in  their  juice,  one  or  more  of  these 
nitrogenous  substances. 

Vegetable  alhtimen  is  soluble  in  water,  but  is  rendered  inso- 
luble by  boiling  (it  coagulates).  It  is  found  particularly 
abundant  in  culinary  plants  and  in  oily  seeds,  as  m  almonds, 
rape-seed,  linseed,  poppy-seed,  &c. 

Vegetable  caseine  is  likewise  soluble  in  water,  yet  it  does  not 
coagulate  by  heat,  though  it  does  by  adding  an  acid  to  a  solu- 
tion of  it.  The  leguminous  plants^  such  as  peas,  beans,  len- 
tils, &c.,  are  very  rich  in  it. 

Gluten  (vegetable  fibrine)  is  insoluble  in  water,  and  forms 
an  essential  part  of  wheat. 

Experiment. — ^Addto  one  drachm  of  bruised  peas  half  a  drachm 
of  caustic  potassa  and  one  ounce  of  water,  and  boil  the  mixture 
till  a  drop  of  the  liquid  causes  a  brown  spot  on  lead-paper  (paper 
which  has  been  moistened  with  a  solution  of  sugar  of  lead). 
The  dark  colour  produced  on  the  lead-paper  is  owing  to  the 
formation  of  sulphuret  of  lead ;  it  indicates  that  sulphur  from 
the  peas  has  been  rendered  solujjle  by  the  potassa.  By  now 
adding  a  few  drops  of  sulphuric  or  muriatic  acid  to  the  liquid, 
the  presence  of  the  sulphur  also  makes  itself  known  by  the 
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^'  smell,  since  sulphuretted  hydrogen  gas  is  evolved.   (§  213.) 
Vegetable  albumen  and  gluten,  when  thus  treated,  give  rise 
^,    to  the  bame  phenomena.     The  tarnishing  of  silver  spoons  on 
^^  remaining  for  some  time  in  boiled  peas,  &c.,  is  now  simply  ex- 
^  plained,  as  sulphuret  of  silver  has  been  formed  on  the  surface. 
^  Vegetable  albumen  (like^idse  animal  albumen)  contains,  be- 
sides sulphur,  a  small  quantity  of  phosphorus. 
'  ^       The  albuminous  substances  have  also  been  called  proteine 
'  \  substances,  because  it  was  assumed  that  a  common  fiinda- 
^''  mental  body  (an  organic  radical)  was  contained  in  them,  to 
which  the  name  proteine  was  given. 

478.  It  has  been  ascertained  by  careful  experiments,  that 
the  chief  proximate  constituents  of  animal  matter  have  the 

^    same  constitution  as  the  albuminous  substances  of  the  vege- 
^'   table  kingdom,  and  this  has  led  to  the  conclusion,  that  the 
component  parts  of  the  bodies  of  those  animals  whose  food 
consists  entu^ely  of  vegetables,  are  derived  from  these  albu- 
minous substances.     This  conclusion  is  most  fuUy  confirmed 
f  by  the  constitution  of  the  blood,  the  component  parts  of 
^    which  are  albuminous  matter  (albumen  and  animal  fibrine). 
'I  Now,  as  the  blood  is  the  medium  of  nourishment,  the  blood 
•'   being  first  formed  from  the  food,  and  afterwards  all  the  other 
,    parts  of  the  animal  body  from  the  blood,  so  we  may  fairly 
^'   infer  that  from  the  albumen,  caseine,  and  gluten  which  we 
^   receive  in  the  form  of  bread,  peas,  &c.,  the  albuminous  sub- 
'^    stances  of  the  blood  are  formed,  and  from  these  the  other 
pairts  of  the  body. .  For  this  reason,  articles  of  food  are  es- 
*    teemed  nutritive  nearly  in  proportion  to  the  amount  of  nitro- 
■    gen  they  contain. 

{     CSAITGE  OP  ALBUMINOUS  SUBSTANCES  BY  DECAY  AND  PUTEE- 

PACTION. 

479.  Formation  of  Ammonia,  —  Experiment, — Put  some 
'    gluten,  some  coarse  flour,  or  some  peas,  into  a  flask,  pour  in 

some  water,  and  connect  the  flask  by  means  of  a  glass  tube 
with  a  second  flask,  filled  about  an  inch  deep  with  water,  and 
let  them  remain  in  a  moderately. warm  place.  Insert,  also, 
between  the  cork  and  the  neck  of  the  first  flask,  a  strip  of 
lead-paper,  in  such  a  manner  that  part  of  it  shall  hang  down 
into  the  flask.    The  following  changes  will  be  observed  to 
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take  place,  more  rapidly  at  a  warm,  more  slowly  ai;  a  cold 
temperature : 

a7)  Bubbles  of  gas  escape  from  the  glass  tube  iiito  tlie 
second  flask ;  they  consist  of  carbonic  acid  (and  some  hydro- 
gen), as  may  be  seen  by  the  turbidness  which  follows  on  the 
addition  of  lime-water. 

h.)  The  lead*paper  is  coloured  dark,  a  sign  of  sulphuretted 
hydrogen  being  generated. 

c)  A  pungent  smeU  of  ammonia  is  evolved  from  the  liquid 
standing  over  the  gluten  when  it  is  heated  with  lime  or  po- 
tassa ;  consequently  ammonia  has  also  been  formed. 

If  we  compare  this  process  of  decomposition  with  that 
which  takes  place  on  the  putrefaction  of  non-nitrogenous  sub- 
stances (§  iiS),  we  shall  observe  the  following  principal  dif- 
ference in  the  result : — On  the  putrefaction  of  albuminous  su^ 
stances,  their  nitrogen  and  sulphur  (and  phosphorus)  eombim 
with  hydrogen,  formvng  ammoma  and  sulphuretted  hydrogm 
(and  phosphuretted  hydrogen).  These  aenform  substances 
are  the  chief  cause  of  the  very  disagreeable  odour  whidbi  is 
given  off  during  the  decay  or  putrefaction  of  nitrogenous  sub- 
stances,— ^for  instance,  animal  substances.  During  the  fuiN 
ther  progress  of  this  decomposition,  there  is  formed  also,  as 
with  ligneous  fibre,  a  brown  substance  resembling  humua. 

However  disgusting  may  be  the  products  of  putrefaction 
and  decay,  they  nevertheless  contain  within  themselves  the 
germ  of  the  most  beautiful  compounds ;  the  most  beautiful 
plants  arise  from  such  products  of  decay.  Indeed,  the  moat 
disagreeably  smelling  decaying  nitrogenous  substances  are 
the  most  powerful  means  of  rendering  our  fields  and  gardens 
fertile  (the  best  manures). 

480.  Formation  of  Nitre, — Mipperiment. — ^Mix  some  lin- 
seed meal  with  wood-ashes,  sand,  and  lime,  and  let  this  mix- 
ture remain  exposed  to  the  air  for  several  months  in  the 
summer  season,  frequently  moistening  it  with  water,  and 
stirring  it.  If  the  mixtmre  is  then  treated  with  hot  water, 
and  the  solution  evaporated,  prismatic  crystals  will  be  formed 
from  the  latter  on  cooling,  which  wiU  detonate  smartly  wben 
thrown  upon  glowing  coals ;  they  consist  of  nitre.  (§  207.) 

Here,  also,  ammonia  is  in  the  first  place  formed  from  the 
nitrogen  of  the  vegetable  albumen,  present  in  great  abundance 
in  the  linseed  meal ;  but  it  is  induced  by  the  predisposing 
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influence  of  the  strong  base  to  undergo  still  further  putrefac- 
tion, that  is,  to  attract  oxygen  from  the  air,  whereby  water  is 
formed  from  its  hydrogen,  and  nitric  acid  from  its  nitrogen, 
the  latter  of  which  combines  with  the  potassa  and  lime. 
From  ammonia  =     N  H3 

and  oxygen        =  ^5 O3 

are  formed  nitric  acid  and  water  =  N  0»  +  3  H  O. 

In  a  similar  manner  nitre  is  often  generated  in  the  soil, 
whence  it  passes  into  the  sap  of  plants ;  thus  it  is  known 
that  beets  and  tobacco  growing  upon  very  strongly  manured 
soil,  and  also  those  rank  plants  growing  on  manure  heaps, 
such  as  henbane,  thorn-apples,  &c.,  are  frequently  so  rich 
in  nitre,  that  when  dried  they  emit  sparks  when  burnt  on 
charcoal. 

481.  The  extraordinary  facility  with  which  albuminous 
substances  undergo  decomposition,  when  they  are  exposed  to 
the  air  in  the  moist  state,  is  explained  very  simply  by  the  fact 
that  they  contain  five,  indeed,  six  elements,  and  always  several 
atoms  of  each,  as  component  parts.  (§§  425,  429.)  If  during 
their  decomposition  they  come  in  contact  witti  non-nitrogenous 
substances,  these  also  are  induced  to  enter  into  decomposition 
— ^they  are,  as  it  were,  infected.  Of  special  importance,  in 
regard  to  this  point,  is  the  important  change  which  su^ar 
experiences  when  it  is  brought  in  contact  with  albuminous 
substances  in  a  state  of  decomposition.  This  metamorphosis, 
known  under  the  name  of  spirituous  fermentation,  will  be 
more  particularly  considered  in  the  following  pages. 

•  BETBOSPECT  OP  THE  ALBITMIKOUS  STTBBTANCES  (ALBTTMEN, 
OASEINB,  GLTTTEK). 

1.  The  albuminous  substances  are  characterised  by  con- 
taining, not  only  carbon,  oxygen,  and  hydrogen,  but  also 
nitrogen  and  sulphur, 

2.  On  account  of  this  complex  nature,  thetf  are  decomposed 
with  the  greatest  ease  (fermentation,  putrefaction,  decay). 

8.  If  while  they  are  decomposing  they  come  in  contact 
with  other  organic  substances,  they  cause  these  also  to  enter 
into  fermentation,  decay,  putrefaction,  &c. 

4.  All  vegetables  contain,  though  not  always  in  great 
quantity,  one  of  these  substances  ;  from  this  universal  diffu- 
sion, we  infer  that  it  has  an  important  office  to  discharge ; 
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5.  "Which  office  consists  undoubtedly  in  this,  that  by  means 
of  it  the  growth  and  nourishment  of  plants  may  be  brought 
about. 


yi.  CONVEESION  OF  SUGAE  INTO  ALCOHOL 

(Vinous  Pebmentation). 

482.  Experiment. — Half  an  ounce  of  honey  is  dissolved  in 
four  ounces  of  water,  and  some  of  the  gluten  or  caseine  from 
experiment  §  479,  in  a  state  of  decomposition,  is  added  to  it ; 
the  liquid  is  then  put  in  a  moderately  warm  place,  from 
64°  F.  (18°  C.)  to  75°  P.  (24°  C),  when  it  soon  enters  into  fer- 
mentation,  mth  the  evolution  of  a  large  quantity  of  gas.  If 
Fig.  188.  you  perform  the  experiment  in 

a  bottle  furnished  with  a  bent 
glass  tube,  one  end  of  which  is 
passed  under  a  second  bottle, 
filled  with  water,  which  is 
inverted  over  the  pneumatic 
trough,  the  gas  may  easily  be 
collected ;  it  consists  of  car- 
bonic acid,  f  K  the  liquid  still 
retains  a  sweet  taste  after  the 
evolution  of  the  gas  has  ceased,  then  add  another  portion  of 
the  gluten  to  it,  whereby  the  fermentation  is  again  renewed. 
Pinally,  all  the  saccharine  taste  will  have  disappeared,  and 
the  liquid  will  have  acquired  a  spirituous  flavour.  The  fer- 
mented liquor  is  called  mead;  instead  of  sugar  it  contains 
alcohol,  and  this  is  the  cause  of  its  intoxicating  effect.  A 
portion  of  the  gluten  is  found  at  the  bottom  of  the  vessel, 
converted  into  a  brownish  residue. 

All  albuminous  matter  in  a  state  of  decomposition,  as,  for 
instance,  old  cheese,  putrefying  flesh,  blood,  &c.,  acts  like 
putrefying  gluten;  but  the  substance  which  possesses  this 
fermenting  power  in  the  highest  degree  is  the  altered  gluten 
of  barley,  obtained  in  great  quantity  as  a  secondary  product 
in  the  brewing  of  beer  (surface  yeast,  or  brewers'  yeast). 
All  substances  which  are  able  to  excite  fermentation  in 
solutions  of  sugar  are  designated  by  the  term  ferments.  Sur- 
face yeast  (§  488)  is  accordingly  the  most  powerful  ferment. 
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Experiment, — ^Eepeat  tlie  former  experiment,  adding,  in- 
stead of  the  gluten,  a  teaspoonful  of  yeast  to  the  honey- 
water  ;  the  process  of  fermentation  will  now  proceed  much 
more  rapidly  and  regularly. 

483.  The  change  which  the  sugar  experiences  during  this 
process  may  be  rendered  very  inteUigible  hv  comparing 
together  the  formulas  of  sugar,  alcohol,  and  caroonic  acid. 
1  atom  of  honey  or  grape-sugar  consists  of  Ce  Og  fi?; 
from  this  are  forced  1  atom  of  alcohol  =  C4  Og  Hg, 

and  2  atoms  of  carbonic  acid  =  C2  04=  2  C  Oj. 

Alcohol  and  carbonic  acid,  added  together,  yield  again  the 
constituents  of  sugar.     Thus  suga/r  is  resolved  hy  fermentor 
tion  into  alcohol  and  carbonic  acid. 
Fig.  189. 

Grape  sugar.  AlcohoL        Carbonic  acid. 

Both  substances  did  not  previously  exist  in  the  sugar,  but 
they  are  new  products  of  a  peculiar  decomposition  of  the 
sugar, — ^peculiar  for  this  reason,  that  they  are  exclusively 
made  up  of  the  elements  of  the  sugar,  without  anything 
being  either  subtracted  fix)m  it  or  added  to  it.  The  ferment 
acts  also  in  the  same  peculiar  manner ;  it  induces  a  decom- 
position of  the  sugar,  jet  without  combining  with  the  sugar, 
taking  anything  from  it,  or  giving  'anything  to  it.  Its  mode 
of  operation  is  analogous  to  that  of  sulphuric  acid,  when  the 
latter  converts  starcn  into  sugar.  (§  459.)  The  action  of 
the  ferment,  however,  differs  from  that  of  sulphuric  acid  just 
alluded  to,  since  the  ferment  itself  does  not  remain  un- 
changed, but  is  also  decomposed  during  the  fermentation. 
Accordingly,  two  sorts  of  changes  are  going  on  by  the  side  of 
each  other  in  the  fermenting  liquids : — 1.)  that  of  the  nitro- 
genous ferment ;  2.)  that  of  the  non-nitrogenous  sugar.  The 
ferment  always  commences  the  change,  which  is  continued  in 
the  sugar,  as  if  the  latter  were  infected.  The  process  is  very 
similar  to  what  occurs  in  the  case  of  a  fresh  apple,  which 
begins  to  rot  on  doming  in  contact  with  one  already  in  the 
jict  of  rotting. 
Uaperiment,' — Instead  of  honey,  take  a  solution  of  white 
2b 
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sugar,  and  add  some  yeast  to  it ;  in  this  case  the  fermenta- 
tion will  not  take  place  so  soon,  since  the  cane-sugar  must 
pass  into  grape-sugar  before  its  decomposition  into  alcohol 
and  carbonic  acid  can  commence.  This  transition  takes 
place  simply  by  the  addition  of  one  atom  of  water ;  for  if  one 
atom  of  water  is  added  to  the  cane-sugar,  =  Ce  H5  O5  there 
is  formed  Ce  Hg  Oe,  or  grape-sugar. 

WINE. 

484.  All  sweet  vegetable  juices  pass  spowtaneotisly  into  fer- 
mentation without  the  necessity  of  adding  to  them  a  fer- 
ment, because  they  always  contain  sugar  and  one  of  the 
albuminous  substances,  as  albumen,  caseine,  or  gluten. 

Experiment, — Submit  freshly  expressed  beet-juice  to  a 
temperature  of  about  68^  F.  (20°  C.)  or  IT  F.  (25°  C.) ;  the 
juice  will  soon  effervesce,  deposit  a  sediment,  and  be  con- 
verted into  a  spirituous  liquid  (beet-wine). 

In  the  same  manner  currant  and  gooseberry  wines  are  pre- 
pared from  currants  and  gooseberries,  cider  from  apples,  the 
so-called  cherry- water  by  fermenting  and  afterwards  distilling 
cherry  juice,  rum  by  fermenting  and  afterwards  distilling 
the  juice  of  the  sugar-cane,  &c. 

The  most  common  of  all  the  fermentations  of  this  kind 
is  the  fermentation  of  grape-juice,  wine  being  the  rfeault. 
In  order  to  prepare  white  wine;  the  grapes  are  pressed,  the 
juice  (must)  is  poured  into  vats  and  allowed  to  remain  in 
them  in  the  cellar,  where,  as  the  temperature  is  tolerably 
low,  the  fermentation  proceeds  so  slowly  that  it  is  not  com- 
pleted until  after  some  months.  The  new  wine  is  racked 
off  from  the  lees,  and  poured  into  fresh  vats ;  it  still  contains 
a  small  quantity  of  sugar  and  albuminous  matter,  which  are 
both  gradually  converted,  the  former  into  alcohol  and  carbonic 
acid,  the  latter  into  lees  {secondary  fermentation) ,  In  the 
manufacture  of  red  ttnne,*  the  purple  grapes  are  bruised,  and 
then  fermented,  together  vdth  their  skins  and  stalks;  by 
which  means  a  red  colouring  matter  is  extracted  from  the 
skins,  and  tannin  from  the  stalks  and  seeds,  the  tannin  im- 
parting to  this  kind  of  wine  its  favourite  astringent  taste. 
Sparkling  wine  (Champagne)  is  made  by  allowing  the  se- 
condary fermentation  to  take  place  in  corked-up  bottles, 
whereby  the  carbonic  acid  formed  is  retained  in  the  wine. 
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485.  The  grapes  growing  in  northern  countries,  for  instance, 
in  Germany,  contain  proportionably  more  albuminous  matter 
and  tartar  than  sugar,  which  accounts  for  the  diflference  in 
the  smell  and  taste  of  the  wine  made  from  them.  The  taste 
of  these  wines  is  not  sweet,  because  the  albuminous  sub- 
stances present  are  more  than  sufficient  to  decompose  all 
the  sugar;  the  odour  (the  bouquet)  is  peculiarly  pleasant, 
"because,  the  tartar  being  abundant,  there  is  generated  during 
the  fermentation  a  volatile  substance  (cenanthic  e^^),  which 
possesses  a  very  agreeable  odour. 

It  is  different  with  •  the  grapes  of  the  more  southern 
countries,  as  Q-reece,  Spain,  Portugal,  &c.  Here,  in  con- 
sequence of  the  higher  temperature,  the  grapes  are  richer  in 
sugar,  but  poorer  in  tartar  and  albuminous  matter.  In  this 
ease  the  latter  substance  is  not  sufficient  to  effect  the  de- 
composition of  all  the  sugar  during  the  fermentation,  so  that 
a  part  of  the  sugar  remains  undecomposed,  and  gives  to  the 
wine  a  sweet  taste.  Neither  is  any  cenanthic  ether  gene- 
rated, since  the  due  quantity  of  tartar  is  wanting;  conse- 
quently these  wines  possess  no  bouquet. 

486.  JEaperiment. — ^If  some  wine  is  put  into  a  retort,  and 

J,.    .Q»  subjected  to  distillation  at 

**      *  a  moderate  heat,  at  first 

the  more  volatile  alcohol, 
together  with  the  cenanthic 
ether,  will  pass  over.  A 
very  agreeably  smelling 
spirit  is  thus  obtained, 
known  in  commerce  under 
the  name  of  Cognac,  or 
French  brandy.  In  the 
wine  countries,  the  lees  re- 
madning  after  the  wine  is  racked  off  are  generally  used  for  this 
purpose,  since,  in  the  swollen,  pap-like  state  m  which  they 
settle  in  the  vats,  they  retain  mechanically  a  large  quantiiy 
of  wine. 

S£xiB. 

487.  Next  to  wine,  beer  and  spirits  are  the  most  important 
fermented  liquors.  The  manufacture  of  them  differs  essen- 
tiaDy  from  that  of  wine  in  this  respect ;  that  materials  are 

2b2 
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employed  which  contain  no  sugar  already  formed,  but  instead 
of  it  starch,  such  as  barley,  wheat,  rye,  potatoes,  &c.  Starch 
cannot,  like  sugar,  be  resolved  directly  into  alcohol  and  car* 
bonic  acid;  and,  when  employed  in  the  manufjftcture  of 
alcohol,  it  must  previously  be  converted  into  sugar.  This,  in 
the  present  case,  is  ^ways  effected  by  the  diastase  of  the 
barley-malt  in  the  so-called  mashing  process  of  the  brewers 
and  distillers.    (§461.) 

Mpperiment — Pour  a  mixture  of  an  ounce  and  a  half  of 
cold  water  and  two  ounces  of  boiling  water  upon  half  an 
ounce  of  bruised  malt,  and  set  it  aside  for  some  hours  in  a 
warm  place,  where  it  will  reach  a  temperature  of  aboub 
149°  E.  (65°  C.)  or  167°  F.  (75°  C.)  ;  a  sweet  Hquid  is  thus 
obtained,  composed,  not  only  of  dextrine  and  sugar,  but  con^ 
taining  also  the  gluten,  thereby  rendered  soluble,  which  was 
present  in  the  malt.  The  brewer  calls  this  liquid  the  loort^ 
Strain  it  with  pressure  through  a  doth,  and  boil  the  Hguid 
for  some  time,  until  it  becomes  dear  and  transparent ;  ^en 
let  it  cool  to  86°  F.  (30°  C),  and  add  to  it  a  teaspoonftil  of 
yeast ;  it  will  soon  begin  to  ferment,  and  after  some  da^s  will 
clarify  again;  the  dear,  fermented  liquor  is  beer.  This  is 
the  mode  of  making  the  Berlin  white  or  pale  leer,  which  is 
not  bitter.  K  during  the  boiling,  some  hops  (female  flowers 
of  the  hop-plant)  are  added  to  the  wort,  an  aromatic  bitter 
substance  is  dissolved  from  them  (lupulin),  which  not  only 
imparts  to  the  beer  a  pleasant  and  bitter  taste,  but  also 
makes  it  keep  better. 

488.  What  is  particularly  remarkable  in  the  above  fer- 
mentation (surface  fermentation)  is  the  great  quantity  of 
yeast  that  separates.  It  proceeds  from  the  gluten  of  the 
oarley,  which  is  dissolved  during  the  mashing  process,  but 
in  the  course  of  the  fermentation  is  again  precipitated  as 
insoluble  yeast.  This  is  called  swrface  yeast,  it  being  raised 
to  the  surface  in  consequence  of  the  great  evolution  of  car- 
bonic acid,  and  if  the  casks  are  fuU,  it  is  forced  out  of  the 
bunghole ;  it  is  the  best  yeast,  and  the  quantity  obtained  in 
the  last  experiment  is  sufficient  to  bring  to  complete  fer- 
mentation the  wort  of  a  whole  pound  of  malt.  Its  power  of 
exciting  fermentation  is  destroyed  when  it  is  rendered  quite 
dry,  or  when  it  is  boiled,  or  very  finely  triturated ;  and  like- 
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wise  by  mixing  antiseptic  substances  with  it,  as,  for  instance. 

Fig.  191.    alcohol,  pyroligneous  acid,  sulphurous  acid,  volatile 

1   oils,  &c.     This  yeast,  when  examined  through  the 

^t^F  microscope,  has  exactly  the  form  of  simple  vege- 

JB      table  ceOs  (a) ;  and  their  increase  in  the  wort 

^^^    takes  place  in  the  same  manner  as  in  the  most 
simple  plants,  new  cells  or  buds  developing  them- 
selves on  each  globule  of  the  old  yeast.    These  globules  are 
hoUow,  filled  with  a  nitrogenised  liquid,  to  which  is  to  be 
ascribed  the  power  of  the  yeast  to  excite  fermentation. 

"New  beer  contains,  also,  some  sugar  and  gluten  in  solu- 
tion ;  therefore,  like  wine,  it  undergoes,  when  kept,  a  second 
slight  fermentetion  (seconda/ry  fermentation).  If  this  is 
allowed  to  take  place  in  well-stopped  bottles,  so  that  the 
carbonic  acid  cannot  escape,  a  foaming  beer  (bottled  beer)  is 
obtained,  in  the  same  way  as  in  the  manufacture  of  sparkling 
Champagne. 

But  aU  the  gluten  is  not  separated,  even  by  the  second 
fermentation,  and  hence  the  upper  fermenting  (light)  beer 
undergoes  a  still  further  change  on  being  exposed  to  the 
air ;  it  is  the  alcohol,  however,  which  is  now  altered  by  the 
albuminous  matter  imdergoing  decomposition;  it  passes 
into  vinegar,  and  the  beer  becomes  acid.  . 

489.  Erpervment — ^Eepeat  the  former  experiment,  but 
cool  the  wort  below  5(r  E.  (10°  C)  before  adding  the 
yeast,  and  then  let  the  liqtiid  remain  in  a  cool  place ;  a  very 
alow  fermentation  takes  place,  which  will  not  be  completed 
for  several  weeks,  perhaps  even  months.  During  this 
process,  the  carbonic  acid  is  evolved  in  very  small  bubbles, 
and  the  yeast  settles  at  the  bottom,  of  the  vessel, 
(bottom  fermentation^  bottom  i/east).  The  beer  thus  pre- 
pared contains  scarcely  a  trace  of  gluten  or  yeast,  and 
therefore  can  be  kept  for  years  without  becoming  sour ;  it 
is,  moreover,  richer  m  carbonic  acid  than  that  obtained  by 
the  process  of  surface  fermentation,  because  in  conse5[uence 
of  the  lower  temperature,  and  the  more  gradual  elimination 
of  the  carbonic  acid  gas,  it  is  able  to  retain  more  of  the 
latter.  The  stronger  kinds  of  beer  (Bavarian  beer,  strong 
leer,  &c.)  are  made  in  this  way.  The  thick  bottom  yeast, 
separating  during  this  process,  acts  indeed  as  an  exciter  of 
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fermentation  upon  tbe  sugar,  but  fiar  more  slowly  and  gently 
than  tbe  frotby  surface  yeast. 

490.  Tbe  peculiarities  of  tbe  two  metbods  of  fermentation 
may  be  elucidated  as  follows : 

Surface  Fermentation  Bottom  FermenUaion 

a.)  takes  place  at  a  higher  tempera-       at  a  lower  temperature,  41<'  F.  (5^  C), 


ture,  5B9  F.  (12«  C),  68«>  F.  50*  F.  (10«  C.) 

(20^  C); 

d.)  takes  place  rapidly  (in  three  or  slowly  (in  six  or  eight  weeks). 

four  days) ; 

€.)  in  this  case  imperfect  separation  of  in  this  case  thorough  separation  of 

the  yeast  by  flowmg  over;  the  yeast  by  settling. 

d,)  surface  yeast  is  fine^  divided  and  bottom  yeast  is  compact  and  heavy. 

ftothy ; 

e.y  surface  yeast  is  a  strong  exciter  of  bottom  yeast  a  feeble  exciter  of  fer- 

fermentation;  mentation, 

j^)  surface-fermented  beer   soon  be-  bottom-fermented  beer  does  not 

comes  sour ; 

g,)  surface-fermented    beer   contams  bottom-fermented  beer  more. 

but  little  carbonic  acid ; 

A.)  serves    for   the   manufacture   of  serves  for  the  manufacture  of  strong 

weak  beer;                                 '  beer. 

«.)  by  loweriDg  the  temperature,  the  by  raising  the  temperature,  the  bottom 

surface  fermentation  may  be  con-  fermentation  may^  be  converted  into 

verted  into  bottom  fermentation.  surface  fermentation. 

Mvperiment — Subject  a  weigbed  or  measured  quantity  of 
beer  to  distillation  (§  486) ;  weak  alcohol,  togetber  witb 
carbonic  acid,  will  first  pass  over,  and  finally  only  a  watery 
liquid.  Pour  tbe  yet  fluid  residue  into  a  cup,  and  set  it  in  a 
warm  place;  it  dries  up,  forming  a  dry  amorpbous  mass 
{extract  of  leer),  wbicb  consists  principally  of  dextrine,  sttgar^ 
and  tbe  hitter  principle  of  hops.  By  determining  tbe  strengtb 
and  tbe  quantity  of  tbe  alcobol,  and  tbe  weigbt  of  tbe  extract 
obtained,  we  bave  tbe  two  most  important  factors  for  esti- 
mating tbe  nature  and  quality  of  tbe  beer. 

SPIBIT. 

491.  Tbe  'preparation  of  spirit  is  similar  to  tbat  of  beer, 
inasmucb  as  substances  containing  starcb  are  also  emCployed 
in  tbe  preparation  of  it,  and  as  tbe  starcb  must  first  be  con- 
verted mto  sugar  before  tbe  fermentation  can  proceed.  This 
is  done,  as  in  tbe  case  of  beer,  by  tbe  masbing  process — tbat 
is,  by  tbe  operation  of  tbe  diastase  of  tbe  malt  upon  tbe  starch. 
To  this  end  either  boiled  and  mashed  potatoes  op  rye  are 
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mixed  with  bruised  barley-malt  and  bot  water,  so  as  to  form 
a  paste,  wbicb  is  to  be  kept  at  a  temperature  of  158°  F. 
(70°  C.)  until  a  complete  formation  of  sugar  is  effected; 
then  brewers'  yeast  (surface  yeast)  is  added  to  the  sweet 
mash  or  wort  previously  cooled,  whereby  fermentation  is 
induced.  When  this  fermentation  is  concluded,  put  the  mass 
into  a  copper  still,  and  distil  the  volatile  alcohol  from  the 
non-volatile  parts  (husks,  gluten,  fibrous  matter,  &c.).  The 
residue  is  used  as  a  nourishing  food  for  the  fattening  of 
cattle.  Formerly  simple  retorts  were  used  for  this  distilla- 
tion, and  a  weak  spirit  was  obtained,  which  consisted  of  about 
'  one-third  of  alcohol  and  two-thirds  of  water ;  but  now  a  more 
complicated  apparatus  is  universally  employed,  by  means  of 
which  a  spirit  of  double  the  strength  is  obtained  (rectified 
spirit).  The  principle  upon  which  this  apparatus  depends 
vdll  be  explained  in  the  following  experiment. 

492.  Rectification  or  strengthening  of  Spirit, — Uaperiment. 
— Pour  three  ounces  of  common  spirit  of  wine  into  a  capacious 
flask,  and  careMly  distil  half  of  it  into  a  vessel,  which  is  cooled 
by  means  of  very  cold  water,  or  what  is  still  better,  by  ice.  If 


Fig.  192. 


the  spirit  contained  thirty  per  cent,  of  alcohol,  then  the  ounce 
and  a  half  of  alcohol  first  passing  over  will  contain  at  least 
fifty  per  cent.  Alcohol  is  more  volatile  than  water ;  there- 
fore it  passes  over  first,  in  company  with  a  smaller  quantity 
of  the  latter,  while  the  greater  part  of  the  water,  together 
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with  the  fusel  oil  which  might  have  been  eontadned  in  ihs 
spirit,  remains  behind  in  the  flask  (phlegm). 

493.  Experiment. — If  you  connect  with  the  flask  and  the 
receiver  an  intermediate  vessel,  a  wide-mouthed  bottle,  flwr 
instance,  which  is  easily  done  by  means  of  two  glass  tubes 
rig.  19S. 


bent  at  right  angles,  and  a  cork  perforated  with  two  holes, 
and  then  repeat  the  above  experiment  of  distillation,  the 
alcoholic  vapours  passing  over  will  first  condense  in  the 
middle  vessel.  But,  as  this  vessel  is  not  cooled  down,  the 
liquid  condensed  in  it  will  finally  also  boil,  and  the  vapours 
thus  formed  will  pass  over  into  the  receiyer  surroimded 
with  cold  water,  and  will  there  be  condensed  for  the  second 
time.  In  this  manner  a  double  distillation  (rectification)  is 
efiected.  The  flask  contains  boiling  spirit  (at  30°  Tralles*)  ; 
the  intermediate  vessel,  boiling  rectified  alcohol  (at  about 
50°  Tralles).  After  the  termination  of  the  experiment,  the 
first  vessel  will  contain  phlegm ;  the  second,  weak  spirit ; 
and  the  third,  very  strong,  highly-rectified  spirit  (of  70°  to 
80°  TraUes).  ^    ^  "^    ^ 

If  you  adapt  to  the  corks  of  the  first  two  vessels  a  couple 
of  thermometers,  which  shall  dip  into  the  liquid^  you  will 
find  that  the  liquid  in  the  flask  boiled  at  the  commencement 
of  the  experiment  at  185°  F.  (85°  C),  and  at  the  end  of  the 
experiment  at  from  203°  F.  (95°  C.)  to  212°  F.  (100°  C.), 
while  that  contained  in  the  second  vessel  commenced  boiling 
at  176°  F.  (80°  C),  and  ended  with  boiling  at  from  185°  F. 

•  The  alcoholometer  of  Tralles  floats  to  a  figure  on  the  stem,  which  indicates 
the  percentage  of  alcohol,  hy  tolume^  in  the  liquor  in  which  it  is  placed. 
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(85°  C.)  to  194*^  F.  (90°  C.)  It  is  obvious  jGrom  this  that 
strong  spirit  boils  at  a  much  lower  temperature  than  that 
at  winch  weaker  spirits  boil.  The  strongest  alcohol  (abso- 
lute) boils  at  172°  P.,  consequently  at  forty  degrees  lower 
than  water. 

494.  Eocperiment — Connect  with  a  flask  a  tolerably  large 
glass  tube,  which  is  so  bent  that  its  middle  part  has  a  sHght 
inclination  upwards,  as  is  shown  in  the  annexed  figure ; 
from  h,  this  tube  is  wound  round  with  moistened  wick-yam, 

Fig.  194. 


the  end  of  which  hangs  down  at  a.  At  a,  bind  a  strip  of 
cloth  (several  times  folded  together  and  smeared  with  a  few 
drops  of  olive-oil)  round  the  tube,  so  that  the  water  from  the 
wick  may  not  run  down  upon  the  flask.  I^ow  distil  as  be- 
fore three  ounces  of  spirit,  but  during  the  distillation  con- 
tinually drop  cold  water  upon  the  wick-yam,  at  5,  in  order 
to  cool  the  vapour  of  the  spirit  as  it  passes  over.  Catch  the 
water  runing  down  the  outside  of  the  tube  in  a  vessel  placed 
below  the  end  of  the  wick-yam.  Kthe  distillation  is  arrested 
when  about  one  ounce  of  the  spirit  has  passed  over,  we 
shall  have  a  stronger  spirit  in  the  receiver  than  was  obtained 
in  the  experiment  in  §  492,  because,  by  the  partial  cooling 
of  the  vapour  of  the  spirit,  the  principal  part  of  the  less 
volatile  aqueous  steam  was  condensed,  and,  therefore,  a 
vapour  richer  in  alcohol  passed  into  the  receiver,  while  the 
water  condensed  in  the  tube  flowed  back  into  the  flask. 
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This  principle  of  partial  refrigeration  has  heen  most  success- 
fullj  applied  to  the  distillation  of  spirit  on  a  large  scale.     The 
p..    295  hest-known  apparatus  used  for  this  pur- 

,pose  is  called  the  dephlegmator,  and  is 
so  contrived  that  the  hot  vapours  rising 
from  the  still  must  pass  through  sevend 
copper  channels  before  reaching  the  re- 
frigerator; these  channels  have  a  parti- 
tion in  the  centre,  and  are  kept  cold  ex- 
ternally by  a  constant  current  of  water. 
We  obtain  in  this  way  a  spirit  of  from 
70°  to  80°  Tralles,  while  a  simple  still 
yields  only  a  weak  spirit  of  30°  Tralles. 

495.  Alcohol  is  rendered  not  only  stronger,  but  purer,  by 
the  above-mentioned  rectification.  Besides  alcohol,  there  is 
formed  from  grain  and  potatoes,  during  fermentation,  an  oily, 
disagreeably  smelling  liquid,  the  so-called  fusel  oil,  and  also 
some  vinegar.  Both  are  less  volatile  than  alcohol,  and  therefore, 
during  the  above  rectification,  are  for  the  most  part  condensed 
with  the  water,  which  flows  back.  The  phlegm  is  accordingly 
a  mixture  of  water  with  alcohol,  fused  oil,  and  vinegar.  The 
alcohol  may  be  thoroughly  purified  from  the  fusel  oil  by  letting 
it  stand  for  some  time  in  contact  with  freshly  burnt  charcoal, 
and  then  filtering  it;  the  fusel  oil  remains  behind  in  the  pores 
of  the  charcoal.  (§105.)  It  is  still  more  advantageous  to  let 
the  alcoholic  vapours,  before  their  condensation  after  distilla- 
tion, pass  through  a  cylinder  filled  with  charcoal,  and  applied 
over  the  dephlegmator. 

496.  In  the  same  way  that  spirit  and  brandy  are  made  here 
from  grain  and  potatoes,  a  spirituous  liquor  called  arrack  is 
prepared  in  the  East  Indies  from  rice,  by  mashing,  fermenting, 
and  distilling,  and  mixing  with  it  the  seeds  of  the  catechu 
palm-tree,  thus  imparting  to  it  a  peculiar  flavour,  and  an  odour 
resembling  that  of  rum. 

497.  All  fermented  liquors  contain  alcohol,  and  owe  to  tins 
their  intoxicating  power.  The  quantity  of  it  contained  in  our 
ordinary  spirituous  liquors  is  shown  in  the  following  table : 
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Pore  AIcohoL 
In  100  measures  ci  common  beer  are  contained  1  ^  —    2  measures. 

"  "         strong  beer,  3—5  " 

"  "         porter  or  ale,  9—8  *•* 

"  "         wine,  10  —  15  " 

"  »*         Madeira  wine,  18  —  24  " 

"  "        brandy,  •  40  —  45  " 

"  "         Uquenr,  45  —  50  " 

"  "         rum  or  arrack,  50  —  60  " 

"  "         rectified  spirit,  60  —  70  " 

"  "         alcohol,  70  —  76  " 

»«  "         highly  rectified  alcohol,     86  —  90  " 

ALCOHOL. 

498.  Anhydrous  Alcohol. — Alcohol  has  as  yet  only  been 
obtained  by  the  fermentation  of  sugar.  In  the  preceding 
chapters  we  have  already  shown  how  alcohol  is  formed,  how  it 
is  rendered  stronger,  and  how  it  is  purified.  This  is  done 
hy  partial  distillation,  or  by  partial  condensation,  since  the 
alcohol  is  more  difficult  to  volatilise  than  water,  vhilst  its 
vapour  is  more  difficult  to  condense  than  steam.  But  all  the 
water  cannot  be  separated  in  this  way  from  the  alcohol,  as  the 
alcohol  retains  one-tenth  part  of  the  water  so  firmly  that  it  can 
neither  be  withdrawn  from  it  by  distillation  nor  by  cooling.  In 
order  to  procure  it  absolutely  anhydrous,  a  body  must  be  pre- 
sented to  it  which  has  a  greater  affinity  for  water,  and  fixes  it 
so  firmly,  that  it  cannot  evaporate  with  the  alcohol  at  the  boil- 
ing point  of  the  latter.     Such  a  body  is  quicklime. 

Experiment — Put  into  a  flask  one  ounce  of  quicklime  that 
has  been  broken  into  small  pieces,  and  pour  upon  it  one  ounce 
of  very  strong  alcohol ;  connect  a  receiver  with  the  flask,  as  in 
the  experiment  in  §  492,  and  let  the  mixture  remain  in  repose 
for  one  day.  The  lime  gradually  combines  with  the  water  of 
the  alcohol  (it  slakes),  and  the  latter  is  procured  anhydrous  by 
distilling  it  off  at  a  moderate  heat.  The  best  method  of  dis- 
tOling  in  this  case  is  over  the  water-bath  (Fig.  83).  Anhydrous 
alcohol  is  also  called  absolute  alcohol.  In  this  experiment,  the 
vessels  used  must  be  previously  rinsed  out,  not  with  water,  but 
with  strong  alcohol,  because  the  moisture  adhering  to  the  vessel 
would  again  impart  water  to  the  anhydrous  alcohol. 

499.  JProperdes  of  Alcohol. — Alcohol  has  a  burning  taste, 
and  a  penetrating,  agreeable  odour.  Strong  alcohol,  especially 
absolute  alcohol,  acts  as  a  poison  when  swallowed ;  but  when 
diluted,  it  is,  as  is  well  known,  stimulating  and  intoxicating. 
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Strong  alcohol  hna  never  been  frozen,  even  at  a  cold  of 
— 212°  F  (--100°  C);  it  is  therefore  excellently  adapted  for  the 
making  of  thermometers  by  which  great  degrees  of  cold  are  to 
be  measured.  For  this  reason  it  is  likewise  serviceable  in  the 
illuminating-gas  apparatus,  for  preventing  in  winter  the  fi:'eezing 
of  the  water  which  settles  in  the  gas-pipes,  and  the  consequent 
obstruction  of  the  pipes.  The  illuminating-gas,  on  leaving  the 
gasometers,  is  first  made  to  pass  through  alcohol  before  it  is 
conducted  further,  whereby  the  watery  vapour  is  not  only  with- 
drawn from  the  gas,  but  so  much  vapour  of  alcohol  is  also 
added  to  it,  that  the  Hquid  now  condensing  in  the  pipes  does 
not  freeze  at  the  temperature  of  our  winters. 

If  common  alcohol  is  placed  in  an  open  vessel,  the  alcohol 
evaporates  more  rapidly  than  the  water  contained  in  it.  Strong 
alcohol  also  attracts  water  from  the  air.  Thus  is  explained 
why  all  spirituous  liquids  must,  when  in  unclosed  vessels,  lose 
strength,  and  become  richer  in  water.  The  young  chemist  is 
frequently  reminded  of  this  fact  in  the  case  of  the  spirit-lamp; 
it  w3l  not  bum  when  it  has  remained  exposed  to  the  air  £ar 
some  time  unprotected.  Why  not?  The  spirit  has  passed 
away  through  the  wick,  the  pmegm  remaining  behind. 

The  boiling  and  evaporation  of  alcohol  have  already  been 
treated  of  at  §§493  and  494,  and  the  combustion  of  it  in 
§  121.  Alcohol  contains  so  little  carbon,  that  no  soot  is 
separated  during  its  combustion  ;  hence,  also,  the  alcohol  flame 
emits  but  a  feeble  light.  The  strength  best  adapted  for  spirit 
used  in  burning  is  that  from  75°  to  80°  Tralles ;  if  weaker,  all 
the  water  will  not  evaporate  during  the  combustion,  and  phlegm 
remains  behind. 

500.  Alcohol  may  be  mixed  with  water  in  every  proportion, 
and  it  becomes  specifically  heavier  the  more  water  it  contains ; 
therefore,  its  specific  gravity  is  a  very  simple,  and  at  the  same  time 
a  sure,  test  for  the  greater  or  less  strength  of  alcohol.  This  is 
most  conveniently  ascertained  bv  the  areometer  (alcoholometer). 
Absolute  alcohol  has  a  specinc  gravity  of  0.792;  that  is,  a 
vessel  capable  of  containing  just  1000  grains  of  water  is  entirely 
filled  by  792  grains  of  absolute  alcohol ;  it  is  accordingly  about 
one-fifth  lighter  than  water.  In  this  alcohol,  the  alcoholometer 
sinks  to  the  topmost  point  of  the  scale,  to  100°,  while  in 
pure  water  it  sinks  to  the  lowest  degree  of  the  scale,  which  is 
marked  0°.    (§16.)     The  scales  most  in  use  in  Germany  are 
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those  of  Tralles  and  Eickter,  which  deviate  very  widely  from 
Kg.  196.  ®^^  other,  since  Tralles  made  the  mixtures  of  alcohol 
*  and  water  from  which  he  determined  the  degrees  by 
measure  or  volume,  while  Richter  made  them  by 
weight.  The  former,  for  instance,  called  that  alcohol 
^i  which  consisted  of  one  measure  of  alcohol  and  one 
measnre  of  water,  fifty  degrees;  but  the  latter  gave 
this  number  to  a  mixture  consisting  of  one  pound 
of  alcohol  and  one  pound  of  water.  There  must, 
of  course,  be  more  alcohol  in  the  latter  than  in 
the  former  mixture,  because  one  pound  of  alcohol 
occupies  a  greater  volume  than  one  pound  of 
water;  and  thus  is  explained  why  one  and  the 
same  alcohol  shows  more  degrees  on  Tralles's  alcohol- 
ometer, and  consequently  appears  stronger  than  by 
Bichter's. 

If  you  mix  50  measures  of  alcohol  and  50  measures  of  water, 
you  do  not  obtain  100  measures,  but  only  about  97  ;  thus  a 
condensation  takes  place,  as  in  the  mixing  of  sulphuric  acid 
with  water.  (§173.)  This  explains  the  heating  which  always 
takes  place  when  water  and  alcohol  are  mixed  together.  The 
knowledge  of  this  fact  is  of  economical  importance  for  those 
merchants  who  now  frequently  prepare  brandy  by  diluting 
strong  spirit  with  water,  since  this  liquid  is  commonly  sold  by 
measure. 

501 .  Alcohol,  like  water,  is  a  solvent  for  many  substances, 
and,  indeed,  it  not  only  dissolves  many  substances,  which  are 
also  soluble  in  water,  such  as  tannin,  sugar,  &c.,  but  many 
others,  which  are  insoluble  or  nearly  insoluble  in^water,  such  as 
resins,  volatile  oils,  &c. 

Eaperiment, — Pour  into  a  bottle,  containing  one  draehm  of 
bruised  gall-nuts,  an  ounce  of  water, f  and  into  another  bottle, 
containing  the  same  quantity  of  gall-nuts,  fan  ounce  of  alcohol ; 
tie  over  both  flasks  a  piece  of  moistened  bladder,  in  which 
some  holes  have  been  pierced  with  a  needle,  and  set  them  aside 
for  some  days  in  a  warm  place.  We  obtain  in  both  cases  dark- 
coloured,  very  astringent-tasting  liquids  (inftisions  and  tinc- 
tures), which  are  to  be  clarified  by  filtration.  They  both  hold 
in  solution  a  peculiar  principle  of  gall-nuts,  callea  tannin  or 
tannic  acid.  The  watery  infusion  will  decompose  after  a  time, 
vnth  the  formation  of  vegetable  mould ;  but  not  so  the  spirituous 
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tincture,  because  alcoliol  has  the  power  of  preventing  the  OC' 
currence  of  putrefaction. 

Experiment, — Prepare  in  the  way  just  described  aa  infbaoa 
from  one  drachm  of  powdered  cinnamon  and  water.  A  slightly 
coloured  liquid  is  obtained,  and  this,  if  evaporated  on  a  warm 
stove,  leaves  behind  an  almost  tasteless  gum,  which  easily 
dissolves  again  in  water.  Now  pour  some  alcohol  upon  tro 
cinnamon  that  remains,  and  let  them  digest  for  several  days ; 
we  shall  obtain  a  dark-brown,  fiery,  spicy,  and  astringent-tai^^d 
liquid  (tincture  of  cinnamon).  If  some  of  this  tincture  is 
evaporated  to  dryness,  a  brown,  glistening  mass  (redn)  remains 
behind,  which  may  be  redissolved  in  alcohol,  but  not  in  water. 
Besides  several  other  substances,  the  water  has  accordingly  dis- 
solved principally  gum,  the  alcohol  principally  resin  (and  volatile 
oil)  from  the  cinnamon. 

These  examples  are  sufficient  to  show  in  how  many  ways 
alcohol  may  be  employed  as  a  means  of  solution  and  presenra- 
tion.     The  principal  solutions  effected  by  it  are, — 

a.)  The  tinctures  of  pharmacy,  alcoholic  extracts  of  medi- 
cinal plants,  roots,  barks,  &c. 

h,)  The  lac  varnishes^  solutions  of  resin  in  alcohol. 

c.)  The  so-called  perfumed  waters^  eau  de  Cologne,  solnidons 
of  volatile  oils  in  alcohol,  &c. 

d,)  The  liqueurs  and  cordials,  solutions  of  volatile  oils  (oil 
of  cumin,  oil  of  peppermint,  &c.)  sweetened  with  sugar,  or  of 
bitter  and  aromatic  substances  (cloves,  orange-peel,  &c.),  in 
alcohol. 

Two  of  the  various  changes  which  alcohol  may  undergo  are 
specially  important,  namely,  its  conversion  into  ether  and 
vinegar. 


VII.   CONVERSION  OF  ALCOHOL  INTO  ETHER. 

502,  Elayle,  or  Oleflant  Gas. — Experiment. — Mix  very 
gradually,  and  with  constant  stirring,  two  ounces  of  common 
sulphuric  acid  with  half  an  ounce  of  strong  alcohol  (§  84) ;  the 
heating  which  ensues  on  the  union  of  these  two  fluids  is  still 
greater  than  that  which  takes  place  on  mixing  together  sul- 
phuric acid  and  water.  When  the  mixture  is  cold,  pour  it  into 
a  flask,  and  heat  it  in  a  sand-bath  (see  Fig.  84),  at  first  cau- 
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tiooslyy  that  it  may  not  rise  over,  and  afterwards  somewhat 
more  strongly;  a  kind  of  gas  is  evolved,  which  has  to  he  col- 
lected, as  has  been  described,  in  bottles  filled  with  cold  water. 
Inflame  the  gas  contained  in  one  of  the  bottles,  and  immediately 
Fig.  197.  pour  in  water ;  it  bums  with  a  highly  luminous 
flame;  it  is  illuminating  gas  (C4  H4),  which  is 
formed  from  the  alcohoL  The  alcohol  is  resolved 
into  illuminating  gcu  and  water,  which  latter 
combines  with  the  sulphuric  acid  remaining  be- 
hind. 

Fig.  198. 

mm    ••••  (m 


There  is  fonned  from  akobol,     illaminatiDg  gas  and  2  water. 

There  are  likewise  fonned  at  the  same  time  sulphurous  and 
carbonic  acids,  the  former  of  which  may  easily  be  recognised 
by  the  smell;  they  are  generated  by  the  carbon  of  a  portion  of 
the  alcohol  decomposing  a  portion  of  sulphuric  acid,  and  ab- 
stracting from  the  latter  its  oxygen.  In  order  to  purify  the 
illuminating  gas  from  these  two  volatile  acids,  it  has  only  to  be 
conducted  through  milk  of  lime  before  it  is  collected. 

The  illuminating  gas  thus  obtained  has  received  the  name  of 
elayle^  or  olejiant  gas,  because  it  condenses  with  chlorine, 
forming  an  ethereal  liquid,  like  oil,  insoluble  in  water. 

503.  Sulphovinic  Acid, — I^xperiment, — Mix  one  ounce  of 
strong  alcohol  with  one  ounce  of  common  sulphuric  acid,  but 
now  without  cooling  the  vessel  by  cold  water,  because  by  the 
heating  of  the  mixture  the  desired  chemical  change  id  promoted. 
That  such  a  change  has  really  taken  place  is  known  by  the 
peculiar  smell,  different  from  that  of  alcohol,  and  by  thfe  altered 
(brownish)  colour  of  the  liquid.  The  change  which  a  portion  of 
the  alcohol  has  hereby  experienced  is  as  follows  : 


Fig.  199. 
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There  is  fonned  from  alcohol,  ether  (oxide  ot  ethyle),    and     1  water. 

While  in  the  former  experiment,  by  an  excess  of  sulphuric 
acid,  two  atoms  of  oxygen  and  two  atoms  of  hydrogen  were 


400  TEa^TABLE  MATTEB. 

separated  from  the  alcohol,  in  the  latter  case  the  alcohol  loses 
oidy  half  as  much  of  these  two  elements,  namely,  one  atom  of 
eacli,  which  two  comhine  to  form  water.  From  the  alcohol 
(C4  Hfl  O2)  there  is  formed  a  new  body  (C4  H5  O)  which  has 
received  the  name  oaide  of  ethyle  (Ae  O),  because  it  is  able, 
like  a  base,  to  combine  with  aads.  In  tiie  present  case  the 
oxide  of  ethyle  meets  with  &ee  sulphiuic  add,  with  which  it 
combines,  •  forming  bisulphate  of  oxide  of  ethyle  ( Ae  O, 
2  S  Os  -|-  4  H  O).  This  compound  is  more  simply  designated 
by  the  name  of  sulpkoinnic  acid,    * 

•504.  Ether, — If  the  liquid  of  the  preceding  experiment,  con- 
taining the  sulphovinic  acid,  is  heated,  it  resolves  itself  into  oxide 
of  ethyle  (ether),  water,  and  sulphuric  acid. 

Experiment — Put  the  mixture  prepared  from  alcohol  and 
sulphuric  acid  into  a  flask  connected  with  a  glass  tube  and  a 
receiver  (see  Fig.  106),  close  the  opening  remaining  between 
the  neck  of  the  receiver  and  the  glass  tube  by  binding  round  it 
a  piece  .of  moistened  bladder,  in  which  some  fine  holes  are 
pierced,  and  heat  the  flask  carejully  in  a  sand-bath  till  the 
contents  of  it  assume  a  bubbling  motion.  Maintain  the  boiling 
of  the  liquid  till  about  half,  or  at  most  three-quarters,  of  an 
ounce  of  the  liquid  is  distiUed  over.  In  this  experiment  the 
liquor,  as  it  is  distilled,  must  be  subjected  to  a  powerful  refri- 
geration,  because  it  is  extremely  volatile;  it  is  therefore  ad- 
visable to  perform  the  experiment  in  tointer,  and  to  surround 
the  receiver  with  snow.  Care  must  also  be  taken  not  to  bring 
any  burning  substance  too  near  the  vapours  of  the  liquid  which 
pass  over,  as  they  are  both  exceedingly  ij^ammable.  The 
distilled,  colourless  liquid  possesses  a  penetrating,  pleasant  smell; 
it  is  called  crtide  ether. 

In  order  to  purify  it,  shake  it  up  in  a  small  vessel  with  half 
an  ounce  of  water,  and  one  drachm  of  potassa  lye ;  close  the 
vial,  and  let  it  remain  standing  for  an  hour  with  the  bottom 
upwards.  Crude  ether  contains  a  mixture  of  water,  alcohol, 
and  frequently  also,  when  the  distillation  is  continued  too  long, 
some  sulphurous  acid ;  these  substances  combine  with  the  water 
and  the  potassa  added,  and  form  with  them  the  heavier  liquid 
layer,  which  settles  at  the  bottom  of  the  phial.  The  very  thin 
and  mobile  liquid  floating  above  is  ether,  which  separates^  be- 
cause it  comports  itself  towards  water  in  the  same  manner  as 
oil  does,  and  is  dissolved  by  it  only  in  very  small  quantity.     If 
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jott  now  loosen  the  stopper  of  the  inverted  phial,  the  aqueous 
liquid  will  run  out,  while  the  ether  remains  behind.  If  ihe 
latter  is  required  entirely  pure,  it  must  be  again  distilled  or 
rectified. 

The  most  profitable  way  of  preparing  ether  on  a  large  scale 
is  the  following :  Nine  pounds  of  sulphuric  acid  and  five  pounds 
o£  alcohol  are  mixed  together,  and  h^ted  to  the  boiling  point. 
While  the  mixture  is  still  boiling,  just  so  much  alcohol  is 
allowed  gradually  to  drop  in,  as  there  is  ether  distilled  over. 
One  single  pound  of  sulphuric  acid  is  then  sufficient  gradually 
to  convert  into  ether  thirty  pounds  of  alcohol,  at  ninety  per 
^ent.,  or  an  unlimited  quantity  of  absolute  alcohoL 

505.  Explanation  of  the  Formation  of  Mher. — ^Alcohol  is 
distinguished  from  ether  merely  by  this,  that  it  contains  one  atom 
of  hydrogen  and  one  atom  of  oxygen,  consequently  one  atom  of 
water,  more  than  the  latter.  Accmlingly,  ihe  production  of 
ether  might  be  explained  in  the  simplest  manner  thus :  sulphuric 
acid,  on  account  of  its  strong  affinity  fw  water,  abstracts  fix)m 
the  alcohol  one  atom  of  water,  and  thus  the  alcohol  is  converted 
into  ether.  But  the  process  is  somewhat  more  complex,  because 
there  is  an  mtermediate  station — the  bisulphate  of  oxide  of 
ethyle— on  the  way  between  the  alcohol  and  the  ether.  This 
At  266**  to  284^  complex  compound,  having  the  cha- 

racter oi  a  •alt,  acts  very  difierently 
I  Ether.  according  as  it  is  heated  in  a  con- 

Water  centrated  or  in  a  diluted  condition. 

Hjdnited  snl-  When  diluted  with  six,  or,  at  most, 
I  phuric  acid,  ^th  eight  atoms  •£  water,  this  com- 
pound bcnls  at  fix)m  266°  F.  (130°  C.)  to  284°  F.  (140°  C), 
and  is  thereby  resolved  into  ether,  water,  and  hydrated  sulphuric 
acid  ;  the  two  former  volatilise  without  combining  chemically 
with  each  other,  and  the  latter  remains  behind.  When  tlie 
bisulphate  of  the  oxide  of  ethyle  is  diluted  with  from  nme  to  ten 
atoms  of  water;  it  boils  even  at  a  lower  temperature  than  266°  F. 

Below  2660.  i^^  ^'^  ^^  ^  thereby  resolved 

'  into  alcohol  and  hydrated    sul- 

I  Alcohol.  phuric  acid.  Here,  too,  ether  and 
water  are  first  separated,  hut  both, 
when  in  a  nascent  state,  combine 
chemically  with  each  other,  form- 
V^^^t^  ing  alcohol.  Thi.  it  the  reason 
why,  in  the  last-mentioned  me- 
2o 
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tbod  of  preparing  ether,  the  sulphuric  acid  becomes  inef^tual 
aflter  it  has  transTonned  thirty  times  its  own  weight  of  alcohol 
at  ninety  per  cent,  into  ether ;  it  has  then  become  so  diluted  by 
the  water  which  it  has  abstracted  from  the  hydrated  alcohd^ 
that  nearly  nine  atoms  of  water  have  combined  with  two  atoms 
of  sulphuric  acid.  It  has  already  been  shown,  in  the  first  part 
of  this  work,  by  several  experiments,  how  other  bodies  also,  iat 
different  temperatures,  evince  sometimes  a  stronger,  sometimes 
a  weaker  affinity  for  water,  or,  indeed,  none  at  all  for  it. 

506.  JSxperiments  mth  JSther, 

a.)  Pour  some  drops  of  ether  upon  the  hand  ;  it  will  eyapo- 
rate  in  a  few  moments,  imparting  to  the  hand  a  perceptible 
feeling  of  coldness.  (§  40.)  Ether  is  so  very  volatile  that  it 
boils  when  in  summer  it  is  put  in  the  sun  at  95°  F.  (35°  C); 
therefore  it  must  always  be  kept  in  tightly  closed  bottles,  and  in 
a  cool  place. 

bi)  Dip  one  piece  of  wood  into  ether,  another  into  alcohol, 
and  hold  both  to  the  flame  of  a  candle ;  the  ether  bums  with 
far  greater  briskness,  and  also  with  a  much  more  luminous  and 
a  somewhat  fuliginous  flame.  Its  stronger  illuminating  power 
is  simply  explained  by  its  containing  a  larger  amount  of  carbon. 
The  process  in  burning  is  the  same  as  with  alcohol ;  the  ether 
being  also  converted  into  carbonic  acid  and  water. 

c.)  If  you  pour  some  drops  of  ether  into  a  tumbler,  and 
after  some  minutes,  when  the  ether  is  converted  into  vapour, 
apply  to  it  a  burning  taper,  a  sudden  ignition  ensues,  aceom- 

Eanied  by  an  explosive  noise.  The  vapour  of  ether  forms,  like 
ydrogen  or  marsh  gas,  when  mixed  with  atmospheric  air,  a 
kmd  of  explosive  gctSy  and  several  violent  explosions  have  been 
occasioned  by  carrying  lighted  candles  or  lamps  into  those  places 
where,  owing  to  the  breaking  of  a  bottle  filled  with  ether,  its 
vapour  has  become  diflused  in  the  air. 

d,)  Ether  may  be  mixed  vrith  alcohol  in  any  proportion  what- 
ever. When  mixed  with  three  parts  of  alcohol,  it  is  much  used 
as  a  stimulating  and  restorative  medicine,  under  the  name  of 
HoffmanrCs  anodyne  liquor. 

e,)  Put  a  piece  of  tallow,  or  a  few  drops  of  olive  oil,  into  a 
test-tube  with  some  ether;  both  will  entirely  dissolve  in  it 
But  they  are  not  soluble  in  alcohol  or  water.  Therefore  ether 
may  be  advantageously  employed  for  dissolving  and  separating 
such  substances  as  will  dissolve  in  it,  but  not  in  other  liquids. 
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Besides  fat,  many  of  the  resins,  and  the  so-called  gum  elastic 
(caoutchouc),  are  soluble  in  ether. 

Ether  is  also  very  generally  called  sulphuric  ether  ;  but  this 
appellation  is  incorrect,  since  pure  ether  neither  contains  sul<* 
pnuric  acid,  nor  has  any  sulphur  in  its  composition. 

507.  Comhinations  of  Uther  with  Acids. 

It  has  already  been  stated,  that  ether,  though  it  does  not  eive 
a  basic  reaction,  yet  comports  itself  as  a  base,  that  is,  combmes 
with  acids.  These  combinations,  however,  cannot  be  directly 
produced  by  the  mixture  of  ether  with  acids.  Ether  combines 
-with  acids  at  the  moment  of  formation  only,  or  when  it  is  libe- 
rated from  some  other  combination ;  but  fuiter  it  has  once  been 
set  free,  it  no  longer  shows  any  inclination  to  combine  with 
acids.  These  combinations  may  be  called  salts  of  ether,  or 
salts  of  oxide  of  ethyle,  just  as  the  terms  salts  of  potassa  and 
salts  of  potassium  are  used,  but  they  are  generally  spoken  of  as 
Jdnds  of  ether.  Most  of  them  are  liquid,  and  have  a  volatile, 
cooling  taste.  They  are  commonly  prepared  by  distilling  the 
clifEerent  acids  with  alcohol,  and  often  with  the  aid  of  sul- 
phuric acid.  Those  only  which  are  best  known  will  be  here 
aUuded  to.  _ 

Acetate  of  Oxide  of  Uthyhy  or  Acetic  Ether  (Ae  O,  A),  is 
a  very  volatile  liquid,  having  an  agreeable  odour,  and  is  em- 
ployed in  medicine. 

Mtrite  of  Oxide  ofMhyle,  or  Nitrous  Ether  (Ae  O,  N  O3), 
has  an  agreeable  odour,  like  that  of  fruit,  and  b  contained, 
diluted  with  alcohol,  in  the  spir.  nitr.  ceih,  (sweet  spints  of 
nitre)  of  the  apothecaries,  which  is  known  as  a  medicine. 

Chloride  of  Ethyle^  or  Muriatic  Ether  (Ae  CI),  forms  a 
constituent  of  the  spirit  of  muriatic  ether. 
_  (Enanthate  of  Oxide  of  EthyU^  or  (Enanthic  Ether  (Ae  O, 
Oe),  is* contained  in  wine,  and  is  the  cause  of  the  so-called 
bouquet  of  certain  sorts  of  wine. 

Butyrate  of  Oxide  of  Ethyle^  or  Butyric  Ether,  now  occurs 
in  commerce  under  the  name  of  rum-ether,  or  essence  of  rum, 
and  is  used  for  imparting  to  alcohol  an  odour  similar  to  that  of 
rum. 

508.  Organic  Badicals. 
Formerly  organic  substances  were  considered  as  immediate 
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eomlmiatioDs  of  carbon,  hydrogen,  oxygen^  nitrogen,  &e.; 
accordingly  they  were  divided  into  ternary  compounds  (haying 
three  elements),  aoatemary  (having  four  elements),  &c.  But 
in  modem  times  toe  hypothesis  has  been  adopted,  that  a  simple 
manner  of  combination  may  exbt  in  organic  substances  aniuo- 
gous  to  that  of  the  inorganic  compounds ;  namely,  that  a  simple 
group  of  atoms,  as  of  carbon  and  hydrogen,  may  comport  itself 
in  the  same  way  as  an  element  or  a  :^dical ;  the  group  Ct  N 
(cyanogen),  for  instance,  comports  itself  as  such.  This  suppo- 
sition has  already  been  most  beautifully  confirmed  in  many  cases, 
and  since  alcohol  and  ether,  and  their  metamorphoses,  are  pecu- 
liarly adapted  for  illustrating  this  new  mode  of  considering  the 
subject,  we  will  cite  them  as  examples.  In  these  combinations 
we  consider  a  group  of  four  atoms  of  carbon  and  five  atoms  of 
hydrogen  (C4  H5)  as  the  elementary  substance,  as  the  radical, 
and  call  it  ethyle  (Ae).  Accordingly,  we  now  regard  ether 
(C4  H5  O)  as  oxide  of  ethyle  (Ae  +  O) ;  alcohol  (C4  H^  O,)  as 
hydrated  oxide  of  ethyle  ( Ae  O  +  H  O) ;  sulphovinic  acid  as 
bisulphate  of  oxide  of  ethyle  (Ae  O,  2  S  O,  +  4  H  O) ;  acetic 
ether  as  acetate  of  oxide  of  ethyle  ( Ae  O,  A) ;  muriatic  etiicr 
as  chloride  of  ethyle  (Ae  CI),  <Scc. 

It  will  be  readily  perceived  from  this  grouping,  that  the 
organic  compounds  show  a  surprising  resemblance  to  the  incMr- 
ganic,  and  may  be  very  well  compared  with  them ;  the  ethyle 
series,  for  instance,  with  the  potassium  series,  in  the  following 
manner : 

PoUasiiim  oorraBponds  to  ethyle, 

Potaasa  "  "     oxideof  ethyle  (ether), 

Hydrate  of  potass*  *»  "      hydrated  onde  of  ethyle  (alcohol), 

Bisulphate  of  potassa  **  **      bisulphate  of  oxide  of  eth]^e, 

Acetate  of  potassa  '*  "      acetateof  oxide  of  ethyle  (acetic  ether). 

Chloride  of  potassmm         "  "      chloride  of  ethyle,  &c. 

The  radicals  of  this  kind,  aipong  which  may  be  reckoned, 
also,  cyanogen  and  ammonium,  are  termed  compound  ov.organie 
ratals,  Ethyle  belongs  to  Ae  division  of  radicals  forming 
bases. 
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VIII.  CONVERSION  OF  ALCOHOL  INTO 
VINEGAR. 

509.  Experiment, — Mix  in  a  glass  vessel  half  an  ounce  (^ 
brandy  with  three  ounces  of  spring- water,  and  put  in  the  liquid 
a  aliee  of  leavened  rye  hread,  which  has  been  previously  soaked 
in  strong  vinegar,  or  instead  of  it  a  little  leaven;  cover  the 
vesBel  with  a  piece  of  perforated  pasteboard,  and  put  it  in  a 
place  where  the  temperature  is  between  86^  F.  (30^  C.)  and 
104**  F.  (40°  C.) ;  the  spirituous  liquor  will,  after  some  weeks, 
be  converted  into  vinegar.  This  conversion  does  not  take  place 
in  a  closed  vessel,  as  the  oxygen  of  the  air  is  indispensaUe  to 
tilie  process  ;  a  great  quantity  of  oxygen  is  consumed,  since  the 
formoUion  of  vinegar  consists  in  an  oxidation  of  the  alcohol 
by  the  oxygen  of  the  air.  Neither  is  any  vinegar  formed  if 
you  do  not  add  the  bread  or  the  leaven.  As  a  solution  of 
sugar  does  hot  of  itself  pass  over  into  alcohol,  neither  does  the 
al^hol  of  itself  pass  over  into,  vinegar.  But  as  an  easily  re- 
solvable body  (ferment,  yeast,  &c.)  disposes  sugar  to  enter  into 
decomposition  simultaneously  with  itself,  so  also  acid  bodies, 
that  may  be  easily  decomposed,  such  as  black  bread,  leaven, 
vinegar,  4&c.,  are  able  to  bring  the  alcohol  into  that  state  in 
which  it  absorbs  oxygen.  The  mode  of  action  of  these  sub- 
stances, which  are  called  vinegar  ferments,  resembles  that  of 
the  nitric  oxide  in  the  sulphur-chambers ;  they  are,  like  the 
latter,  the  tranrferrers,  that  is,  they  attract  the  oxygen  from 
the  air,  and  g^ve  it  up  again  to  the  diluted  alcohol. 

In  the  same  manner  with  pure  diluted  alcohol,  all  other 
alcoholic  liquids,  as  beer,  wine,  cider,  &c.,  may,  by  receiving 
<»nrgen,  be  converted  into  vinegar,  and  it  is  well  known  that 
vinegar  is  frequently  prepared  from  them.  If,  as  is  ordinanly 
tlie  case,  they  contain  gluten  or  lees  in  solution,  then  these  sub- 
stances replace  the  vinegar  ferment,  and  the  acidification  ensues 
i^ntaneously,  when  the  liquid  is  exposed  in  loosely  covered 
vessels  to  a  temperature  of  from  86°  F.  (30°  C.)  to  104°  F. 
(40^  Q,)  This  acidification  most  readily  occurs  immediately 
after  a  spirituous  fermentation,  which  has  taken  place  at  too 
high  a  temperature ;  £or  this  reason,  in  the  hot  months  of 
Btuamer,  the  brew«»  and  distiUers  find  difficulty  in  keeping 
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iheir  fermenting  wort  and  mash  from  turning  sour,  which  can 
only  be  prevented  by  rapid  refrigeration. 

Liquios,  also,  containing  starch  and  sugar,  may  pass  over 
into  vinegar,  but  only  after  these  have  been  previously  con- 
verted by  fermentation  into  alcohol.  This  explains  why  the 
farmer  obtains  vinegar,  when,  having  poured  water  upon  the 
peels  and  refuse  of  fruit,  he  sets  them  aside  near  the  stove ; 
why  boiled  food,  preserved  fruits,  &c.,  become  acid  after  a  time. 
The  spirituous  fermentation,  which  first  takes  place,  is  always 
followed  by  an  effervescence  or  fermentation  in  these  cases,  be- 
cause the  carbonic  acid,  formed  from  the  sugar  at. the  same  time 
with  the  alcohol,  escapes.  From  this  is  derived  the  term 
acetous  fermentation,  by  which,  in  earlier  times,  the  process  of 
the  formation  of  vinegar  was  designated,  this  effervescence  being 
regarded  as  an  essential  phenomenon  in  the  generation  of  vine- 
gar. But  it  is  now  known  that  no  evolution  of  gas  takes  place 
during  the  conversion  of  alcohol  into  vibegar. 

510.  Experiment — ^fill  two  tumblers  loosely  with  the  stalks 
of  grapes,  and  fill  one  entirely  and  the  other  only  half  full  with 
wine,  beer,  or  a  mixture  consisting  of  one  part  of  brandy,  one 
part  of  beer,  and  six  parts  of  water.  Put  both  vessels  in  a 
warm  place,  and  once  or  twice  every  day  pour  the  mixture  from 
one  vessel  into  the  other,  so  that  each  may  be  alternately  full 
and  only  half  full  of  the  liquid.  The  alcohol  contained  in  the 
brandy  will,  in  this  manner,  be  much  more  rapidly  oxidised  into 
vinegar,  because  the  liquid  adhering  to  the  grape-stalks  is,  in 
this  state  of  fine  division,  surrounded  by  air,  and  thus  has  a  far 
better  opportunity  of  attracting  oxygen  from  the  latter.  The 
effervescence  taking  place  at  the  commencement  was  owing  to 
the  sugar  contained  in  the  beer  and  the  grape-stalks,  and  which 
was  first  converted  into  alcohol  and  carbonic  acid.  The  alcohol 
thus  formed  was  likewise  afterwards  changed  into  vineg^,  and 
this  is  the  reason  why  the  vinegar  thus  produced  is  more  acid, 
that  is,  richer  in  acetic  acid,  than  that  obtiuned  by  the  former 
experiment. 

511.  Quick  Method  of  malting  Vinegar, — The  transition  of 
alcohol  into  acetic  acid  takes  place  still  more  rapidly  by  subdi- 
viding the  alcohol  still  further,  or  by  exposing  a  still  greater 
surface  of  the  liquid  to  the  air  than  in  the  way  just  described. 
This  is  effected  in  the  following  manner: 

A  tub  four  or  five  yards  high  is  filled  with  shavings  of  beech- 
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Fig.  200. 


-wood,  and  is  furnished  with  a  perforated  shelf,  which  is  placed 
somewhat  helow  the  upper  openiog.  Through  each  of  the 
small  holes  a  straw  or  a  piece  of  packthread  is  passed,  pre- 
vented from  falling  through  by  a  knot  at  the  upper  end.     By 

this  means  an  extreme  division 
of  the  alcohol  is  effected,  as 
when  it  is  poured  in  at  the  top, 
it  only  trickles  slowly  down 
through  the  holes  by  means  of 
the  straw  or  packthread,  and 
then  diffuses  itself  over  the  shav- 
ings, forming  a  very  thin  liquid 
layer,  which  presents  to  the  air 
a  surface  many  thousand  times 
more  extensive  than  was  pro- 
duced by  any  former  method. 
Several  large  holes  are  bored 
round  the  lower  part  of  the  tub, 
and  likewise  in  the  perforated 
shelf;  glass  tubes  are  fitted  into 
the  holes  made  in  the  latter,  in 
such  a  manner  that  the  liquid, 
-when  poured  into  the  top,  may  not  run  off  through  them.  A 
free  circulation  of  air  is  hereby  produced,  the  cooler  sdr  enters 
by  the  openings  in  the  tub,  gives  up  its  oxygen  to  the  alcohol 
diffused  over  the  shavings,  and,  in  consequence  of  this  oxidation, 
or  slow  combustion,  so  much  heat  is  evolved  in  the  interior  of 
the  tub,  that. the  temperature  rises  to  104°  F.  (40°  C.)  The 
^r,  hereby  becoming  warmer,  and  consequently  lighter,  passes 
out  of  the  tub  through  the  glass  tubes  in  ikie  shelf,  and  from  an 
eighth  to  a  fourth  poorer  in  oxygen  than  when  it  entered. 
Strong  vinegar  is  used  as  a  ferment  in  this  process,  the  tub  and 
shavings  having  previously  been  moistened  with  it,  and  a  certain 
quantity  being  also  added  to  the  mixture  of  spirit  which  is  to 
be  converted  into  vinegar.  In  such  a  tub  (vinegar-generator)^ 
warmed  spirit,  beer,  wine,  &c.,  may  be  converted  into  vinegar 
in  a  few  hours,  by  being  passed  through  the  cask  three  or  four 
times;  hence  this  is  called  the  quick  method  of  making 
vinegar. 

512.  Explanation  of  the  Process  of  forming  Vinegar, — In 
order  to  convert  alcohol  into  vinegar,  four  atoms  of  oxygen 
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must  enter  into  oombmatkm  with  one  atom  of  alcohol.  From 
one  atom  of  alcohol  and  fomr  atoms  of  oxygen,  =€4  Hg  0,-f-4  O, 
are  formed  one  atom  of  acetic  acid  and  three  aton^  of  wmter, 
=  C4  Hj  O3+  3  H  O.  The  alcohol  is  accordingly  oxidised  into 
acetic  acid  and  water. 

This  process  may  he  regarded  as  a  slow  and  imperfect  com- 
hustion,  and  we  shul  here  also  find  confirmed  what  was  stated 
of  the  comhustion  of  wood  in  the  air  (§  120),  and  <^  ibe  com- 
hustion  of  sugar  by  nitric  add  (§  196) ;  nana^,  that  ihe  easily 
combustible  and  easily  oxidised  hydrogen  comluoes  with  the 
oxygen  before  the  difficultly  combustiUe  carbon  does.  Here, 
as  is  obvious,  none  of  the  carbon  of  the  alcohol  is  eoosumed, 
hut  one-half  of  its  hydrogen  is  consumed  or  oxidised  by  the 
oxygen  of  the  air,  one  atom  of  oxygen,  moreover,  being  taken 
from  the  air. 

Aldehyde, — We  have  thus  far  conridored  only  the  starting- 
point  (alcohol)  and  the  extreme  point  (acetic  acid)  of  the  pro- 
eess  of  the  formation  of  vinegar;  but  half-way  between  these 
two  there  is  a  peculiar  compound,  \AiA.  may  be  regarded  as 
half-converted  alcohol,  or  half-made  vinegar.  It  is  fimned 
from  the  alcohol  when  two  atoms  of  oxygen  enter  into  com- 
bination with  it,  thereby  converting  two  atoms  of  its  hydrogen 
into  water.  The  name  aldehyde  (that  is,  a/-  alcohol,  de-  from 
which,  hyd'  hydrogen  is  taken)  has  been  given  to  it. 
From  alcohol, = C4  He  O2  and  2  O, 
is  formed  aldehyde,=  C4  H4  O^  and  2  H  O. 

This  compound  is  always  produced  in  the  first  period  of  the 
formation  of  vinegar,  and  occasions  the  peculiar  suffocating 
smell  often  perceived  in  vinegar-chambers.  Aldehyde  very 
greedily  attracts  two  more  atoms  of  oxygen  from  the  air,  and 
is  thereby  converted  into  hydrated  acetic  acid  (H  O,  C4  H,  Oj). 
This  occurs  in  the  second  period  of  the  formation  of  vinegar, 
when  an  acid  odour  prevails  in  the  vinegar-chambers. 

Aldehyde  may  be  very  easily  produced,  and  it  may  be  readily 
lecognised  by  its  characteristic  odour,  when,  as  was  directed  in 
§  1 14,  a  ^ovring  platinum  wire  is  held  in  alcohol  vapour,  or 
yet  more  easily,  by  pressing  down  an  alcohol  fiame  by  a  wire 
net.  In  both  cases  it  is  formed  because  the  temperature  is  not 
high  enough  to  effect  a  complete  combustion  of  the  alcohol 
vapour.  A  portion  of  the  latter  then  takes  up  only  two  atoms 
of  oxygen  from  the  air,  and  there  is  produced  aldehyde  yapour. 
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and,  toji^er  with  this,  some  acetie  acid  and  other  gaseous 
pft>diiet8. 

After  this  atatraieiit  of  the  process  of  the  formation  of 
Tioegar,  it  will  no  longer  appear  strange  that  aldehyde  .and 
•oetic  acid  ue  formed  in  all  cases  when  alcohol  unites  with 
bodies  which  are  rich  in  oxygen,  and  which  readily  part  with 
it,  as,  for  instance,  chromic  acid,  nitric  acid,  hlack  oxide  of 
manganese,  sulphuric  acid,  &c. 

It  may  now  also  he  easily  explained  how  yinegar  is  produced 
from  wood  hy  dry  dktillation.  Wood  cousins  of  Cg  Hj  O^; 
acetic  acid  of  C4  Hj  O3,  or,  if  multiplied  by  1^,  of  Ce  H4J,  O^. 
Cimsequently,  it  is  only  necessary  to  abstract  a  little  hydrogen 
and  oxygen  from  the  wood,  in  order  to  transfer  it  into  acetie 
acid. 

51.3.  Acetyle, — Aldehyde  and  acetic  acid  may,  like  ether 
and  alcohol,  be  regarded  as  combinations  of  an  organic  radical 
This  radical  is  called  acetyle  (Ac),  and  it  is  assumed  to  be 
composed  of  four  atoms  of  carbon  and  three  atoms  of  hydrogen 
(C4  H,).  Accordingly,  aldehyde  (C4  H4  O3)  is  the  same  as 
hjdrated  oxide  of  acetyle  (Ac  -(-  O  -j-  H  O) ;  acetic  acid  (C4 
Hj  O3)  is  the  same  as  oxide  of  acetyle  (Ac  -j-  3  0)u 
A<%tyle  belongs  to  the  class  of  racUeals  forming  adds. 
514.  Properties  of  Vinegar.  —  Vinegar  is  acetic  add 
dakited  with  much  water,  and  frequently  mixed  also  with 
f<M«ign  substances,  which  it  obtains  from  the  malt,  fnut,  wine, 
&c^  from  which  it  is  prepared.  The  esteemed  yellow  or 
brownish  colour  is  ofbn  imparted  to  it  artificially 
by  burnt  sugar,  or  extract  of  chicory.  The  vine- 
gar which  occurs  in  commerce  under  the  name  of 
white  vinegar  contains  in  every  hundred  measures 
from  eight  to  twelve  measures  of  acetic  acid,  wine, 
vinegar  from  six  to  eight,  and  common  table  vine- 
gar only  from  two  to  five ;  the  rest  is  water.  In 
order  to  ascertun  the  strength  of  vinegar,  we  adopt 
a  course  similar  to  that  used  in  testing  carbonate 
ci  potassa  (§  202) ;  that  is,  we  examine  how  much 
of  some  base  (ammonia  is  the  best)  a  fixed  quan- 
tity of  it  is  able  to  neutralise.  Glass  cylinders, 
constructed  for  this  purpose,  and  divided  into  de- 
grees, are  called  €U!€tometers. 

If  vinegar  is  allowed  to  remain  for  some  time 
exposed  to  ihe  air,  it  begins  to  decompose  ^to 
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putrefy),  and  so  much  the  more  readily  the  weaker  it  is.  This 
IS  indicated  sometimes  hy  a  white  film  (mould),  sometimes  by 
ihe  separation  of  gelatinous  matter  (vinegar  mother),  some- 
times hy  the  generation  of  infusoria,  which  can  often  be  ^- 
tinguished  by  the  naked  eye  when  a  glass  of  vinegar  is  held 
towards  the  sun  (vinegar  eels).  Further  decomposition  may  be 
arrested  for  a  time  by  boiling  the  vinegar. 

Vinegar  is  somewhat  less  volatile  than  water.  When  it  is 
distilled,  first  a  weaker,  and  finally  a  stronger,  colourless  vine- 
gar passes  over  (distilled  vinegar),  and  the  foreign  non-volatile 
mixtures  remain  behind. 

When  vinegar  is  exposed  to  the  cold,  the  water  contained 
in  it  is  frozen  before  the  acetic  acid  is ;  hence,  weak  vinegar 
may  be  made  stronger  by  partial  freezing.  Wine,  when  ex- 
posed to  the  cold,  acts  in  the  same  manner. 

To  impart  to  vinegar  a  more  pungent  or  more  acid  taste, 
such  substances  as  Spanish  pepper,  pellitory  root,  and,  indeed, 
sulphuric  acid,  are  sometimes  added  to  it.  The  latter  adul- 
teration may  readily  be  detected  in  the  following  manner  : 

Eccperiment, — Fill  a  jar  half  full  of  water,  and  place  upon 

Fig.  202.     it  a  cup  containing  the  vinegar  to  be  tested,  toge- 

»ther  with  some  grape-sugar ;  then  let  the  jar  re- 
main on  a  hot  stove  till  the  vinegar  has  evaporated. 
K  the  residuum  is  of  a  black  colour,  then  the  vine- 
gar contains  sulphuric  acid.  When  heated  over  hot 
water,  the  vinegar  only  is  volatilised,  while  the  sul- 
phunc  acid,  if  any  is  present,  remains  behind,  and 
finally,  when  all  the  aqueous  particles  have  vanished,  attains 
such  a  strength,  that  it  decomposes  the  sugar  and  chars  it. 

CONVERSION  OF  8UGAB  INTO  LACTIC  AND  BUTYRIC  ACIDS* 

515.  If  an  open  vessel,  containing  some  expressed  juice  of 
the  beet,  is  put  in  a  warm  place,  where  it  will  be  heated  to 
between  86°  F.  (30°  C.)  and  104°  F.  (40°  C),  the  beet-juice 
will  enter  into  fermentation,  in  the  same  manner  as  in  §  482 ; 
but  when  the  fermentation  is  finished,  notwithstanding  ^t  all 
the  sugar  has  disappeared,  we  do  not  find  any  alcohol  in  the 
fermented  liquid,  but  a  peculiar  acid  (lactic  acid),  and  a  xnuci- 
laginous  gummy  substance.  This  process  of  decomposition 
has  been  called  mucous  fermentation ;  it  very  remarkably 
illustrates  the  extremely  different  kinds  of  decomposition  of  one 
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and  the  same  organic  substance,  according  to  the  temperature 
at  which  the  decomposition  takes  place.  At  a  temperature  of 
fipom  5(f  F.  (10°  C.)  to  68°  F.  (20°  C.)  the  beet-juice  entered 
into  -vinous  fermentation,  and  its  sugar  was  resolved  into  car- 
bonic add  and  alcohol;  at  a  higher  temperature  it  likewise 
ferments,  but  in  this  case  the  sugar  is  converted  into  carbonic 
acid,  lactic  acid,  gum,  and  some  other  products. 

The  sugar  contained  in  maoiy  vegetable  substances  likewise 
undergoes  a  similar  change,  when  these  are  mixed  with  salt, 
and  kept  for  some  time  in  a  compressed  state.  The  acid  taste 
which  we  perceive  in  sour-krout,  &c.,  is  owing  principally  to 
lactic  acidy  winch  is  formed  in  diese  substances  in  a  way  not 
yet  thoroughly  investigated. 

But  beside  this  acid,  we  frequently  find  in  the  above-mentioned 
sour  substances  another,  called  butyric  acid^  which  imparts  to 
tbem  their  peculiar  odour.  This  acid,  it  seems,  may  also  be  pro- 
duced by  the  metamorphosis  of  vegetable  mucus,  for  it  is  always 
generated  when  vegetable  mucilaginous  substances — for  in- 
stance, althaea-root,  quince-seeds,  linseed,  &c. — are  allowed  to 
remiun  for  some  time  in  water. 


FOBMATION  OP  ALCOHOL,  ACETIC  ACID,  AND  LACTIC  ACID,  IN 
MAKING  BREAD. 

516.  Flour. — ^The  seeds  of  the  various  kinds  of  corn  which 
we  use  in  the  preparation  of  flour  and  bread  contain,  as  princi- 
pal constituents,  starch  and  gluten,  and  also  a  little  sugar.  On 
grinding  the  com,  the  husks,  and  the  parts  contiguous  to 
them,  which  are  rich  in  oily  matter  (nitrogen  and  phosphate  of 
lime),  separate,  constituting  the  broTiy  and  there  is  lefb  m)m  the 
inner  whiter  mass,  called  the  albuminous  substance,  the^ur. 
The  gluten  is  tougher,  and  more  difficult  to  grind  than  the 
starch;  this  explains  why  the  finer  white  flour,  obtained  by 
i^epeated  sifting  (bolting),  is  richer  in  starch,  while  the  coarser 
and  darker  flour  is  ri^er  in  gluten.  The  nutritive  property 
of  flour  is  to  be  ascribed  to  the  azotised  gluten;  unbolted  flour, 
ttnd  bread  made  of  it,  are  accordingly  more  nutritive  than  white 
flour  and  white  bread,  but  at  the  same  time  less  digestible 
(scduble). 

Experiment — Mix  some  flour  with  lukewarm  water  to  a 
diick  paste,  cover  it  with  a  board,  and  let  it  remain  for  eight  or 


412  TlOBTABIiB  MA.TT1B. 

ten  days  in  a  warm  {^boe.  The  paste  is  graduaHj  altered,  and 
two  distinct  periods  may  be  observed  daring  the  changpe.  In 
die  first  place,  on  the  third  or  fourth  daj  Dairies  of  air  ate 
eTolved  from  it^  baring  a  sour,  unpleasant  smell,  and  the  doagii 
now  possesses  the  capacity  of  converting  sugar  into  lactic  acH 
as  may  be  readily  perceived  by  adding  a  little  of  it  to  some 
sugared  water,  and  letting  it  stand  in  a  warm  {dace.  Af^ 
six  or  eight  days  the  dough  acquires  a  pleasant  smell,  and  it 
now  acts,  when  added  to  a  solution  of  sugar,  like  yeast  ;  'diat 
is,  it  effects  a  decomposition  of  the  sugar  into  alcohol  and  car' 
bonic  acid.  If  the  dough  is  allowed  to  stand  still  long)»r,  it 
again  acquires  an  acid  taste,  but  which  now  proceeds  from  the 
acetic  acid  into  which  the  alcohol  preriously  generated  gradu- 
ally passes  over  (leaven).  In  this  state  it  also  excites  a  spiritu- 
ous fermentation  in  sugared  water  ;'  but  this  spirituous  iermen- 
tation  immediately  passes  over  into  the  acid — into  theformaiMm 
of  vinegar.  It  is  obrious,  from  what  has  previously  been  stated, 
tibat  the  different  actions  of  the  flour,  when  in  a  state  of  de* 
composition,  upon  the  sugar,  depend  upon  the  albaminoas 
matter,  the  gluten,  contained  in  me  flour;  consequenl^y,  we 
might  call  the  slightly  altered  gluten  a  lactic  acid  ferment,  that 
which  is  more  altered  an  alcohol  ferment,  and  that  which  is 
still  further  altered  a  vinegar  ferment 

517.  Bread. — What  thus  takes  place  slowly  proceeds  rapidly 
in  the  making  of  bread,  since  a  ferment  is  purposely  added  to 
die  flour,  which  has  been  stirred  up  with  water. 

In  the  making  of  white  bread,  the  surface-yeast  of  beo*  is 
used  as  a  ferment;  this,  as  is  known,  is  the  most  powei£il 
alcohid  ferment.  The  sugar  contained  in  the  flour  is  thereby 
resolved  into  alcohol  and  carbonic  acid,  whicb  struggle  to 
escape,  whereby  the  tough  mass  of  dough  is  disintegrated,  and 
rendered  light  and  porous  (rising  of  the  dough).  These  sdb- 
stances,  together  with  about  half  the  water  employed,  volatiliae 
by  the  rapid  heating  in  an  oven,  having  a  temperature  of  hom 
320°  F.  (160°  C.)  to  356°  F.  (180°  C),  and  the  ceUdar  par- 
titions of  the  baked  bread  acquire  such  solidity,  that  they  retain 
their  form  and  place  even  after  cooling.  But  if  the  heat  of  the 
oven  is  not  sufficient,  or  the  dough  is  too  watery,  then  die  par- 
titions harden  too  slowly,  and,  on  the  escape  of  the  carbonic  acid, 
collapse,  or  run  into  each  other  (slack  baking),  Tbis  happens 
most  frequently  with  dark  brend,  sinoe,  in  consequence  of  iti 
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gfeater  amount  of  glaten,  it  retains  the  water  more  obstinately, 
md  aocordinglj  dries  and  hardens  more  slowly  than  white  breads 
m  wUch  the  stardi  is  more  abundant. 

Leaven  is  commonly  used  as  a  ferment  in  the  preparation  of 
black  bread.  There  is  formed,  during  the  process,  besides  alcohol 
mod  carbonic  acid,  a  little  acetic  and  lactic  acids  (perhaps  also 
•ome  botyrio  add),  which  communicate  to  the  bread  an  acid 
taste.  From  three  pounds  of  flour  we  obtain  about  four  pounds 
of  bread  ;  consequently,  a  quarter  of  the  bread  consists  of  6xed 
water.  The  light,  porous  bread  dissolves  easily  in  the  stomach; 
we  say  that  it  is  easily  digestible,  and  that  the  compact  heavy 
bread  is  difficultly  digestible. 

518.  It  is  known  (§  458)  that  starch  is  converted,  by  roast- 
ing, into  gum  (dextrine)  ;  a  part  of  the  starch  undergoes,  also, 
this  diange  in  llie  oven,  particularly  on  the  surface  of  the  baked 
bread,  which  receives  the  strongest  heat  from  the  roof  of  the 
oven.  If  the  crust  of  the  hot  bread  is  rubbed  over  with  water, 
and  Ae  bread  is  then  replaced  for  a  few  minutes  in  the  oven, 
aome  of  the  dextrine  is  dissolved,  and  forms,  after  the  evapora- 
tion of  the  water,  the  shining  coating  which  we  see  on  loaves 
of  bread  and  rolls. 

519.  Carbonic  acid,  as  applied  to  the  rising  of  bread,  may  be 
more  or  less  advantageously  generated  in  other  ways  than  by 
the  fermentation  of  sugar ;  indeed,  entirely  different  substances, 
which  become  aeriform  on  the  application  of  heat,  may  be  used 
for  the  purpose. 

JEaperiment — ^Mix  intimately  together  two  grains  of  finely 
pulverised  bicarbonate  ofsoday  and  a  drachm  and  a  half  of  flour, 
and  knead  the  mixture  into  a  dough  with  one  drachm  of  water, 
to  ^i^ch  four  drops  of  common  muriatic  acid  have  previously 
been  added.  Let  the  dough  remain  for  some  time  in  a  warm 
fdace,  and  then  bake  it  on  the  hot  flue  of  a  stove,  or  in  a  spoon ' 
over  an  alcohol  lamp.  A  porous  mass  of  bread  is  obtained, 
because  the  carbonic  acid  of  the  soda  salt  is  expelled  by  the  mu- 
riatic acid,  and  raises  the  dough  while  it  is  still  soft.  The 
common  salt  which  is  formed  remains  behind  in  the  bread,  and 
imparts  to  it  a  saline  taste.  This  method  has  been  introduced 
in  many  places  for  making  bread,  cakes,  &c.,  on  a  large  scale. 

Experiment — Rub  a  drachm  and  a  half  of  flour  with  a  few 
grains  of  carbonate  of  ammonia^  and  then  knead  it  with  a 
^dradbm  of  lukewarm  water  into  a  doagfa,  and  treat  it  as  in  the 
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last  experiment.  In  this  case,  also,  the  mass  will  become  ligiit 
and  porous  afiter  the  rising  and  baking,  because  the  carb<Hiate 
of  ammonia  (salt  of  hartshorn)  is  rendered  aerifona  by  the 
heat,  and  during  its  escape  the  particles  of  the  dongh  are  forced 
asunder.  In  this  way  the  bakers  usually  prepare  their  light  and 
spongy  cakes,  as,  for  instance,  gingerbread,  &c  Alcohol  and 
rum^  which  are  sometimes  kneaded  with  dough  to  promote  the 
rising,  act  in  a  similar  way. 

BETROSPEOT  OF  THE  CHANGES  OF  SUGAR  AND  ALCOHOL. 

1.  Sugar  is  converted — 

a.)  By  the  loss  of  oxygen  and  hydrogen,  into  water  and 
brown  snbstances  rich  in  carbon. 

b.)  By  the  addition  of  oxygen,  into  saccharic  acid,  oxalic 
acid,  and  water,  and  finally  into  carbonic  acid  and  water. 

c.)  By  contact  with  nitrogenous  substances  at  a  low  tem- 
perature, into  (rich  in  hydrogen)  alcohol  and  (rich  in  oi^rgen) 
carbonic  acid  (vinous  fermentation). 

d,)  By  contect  with  nitrogenous  substances  at  a  somewhat 
higher  temperature^  into  lactic  acid,  manuite,  and  many  other 
substances  (mucous  fermentation). 

2.  By  the  changes  mentioned  under  c  and  dj  the  nitrog^MMis 
substance  is  also  simultaneously  transformed  into  new  com- 
pounds (yeast,  ammoniacal  salts,  &c.). 

3.  The  conversion  of  the  sugar  into  alcohol  and  caiboiuc 
add,  and  that  of  the  nitrogenous  substance  into  yeast,  take 

Elace  at  a  low  temperature  slowly  (bottom  fermentation),  at  a 
igher  temperature  rapidly  (surface  fermentation). 

4.  Hitherto  alcohol  has  been  prepared  only  by  this  method— 
namely,  by  the  fermentation  of  sugar. 

5.  Starch  is  indeed  used  for  the  manufacture  of  alcohol,  but 
it  must  always  be  previously  converted  into  sugar. 

6.  Alcohol  is  converted, — 

a.)  By  the  loss  of  all  its  oxygen  and  hydrogen,  into  elayle 
(defiant  gas)  and  water. 

h.)  By  the  loss  of  some  oxygen  and  hydrogen,  into  oxide  of 
ethyle  (ether)  and  water ;  this  oxide  of  ethyle  can  comlnne  as 
a  base  with  acids  (compound  ethers). 

c.)  By  the  addition  of  oxygen,  into  aldehyde  and  water,  and 
by  still  more  oxygen,  into  acetic  and  other  acids.     1£  we  follow 
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.the  process  of  oxidation,  as  it  proceeds,  we  shall  observe  the 
following  order  of  changes : 

From  i^bohol  and  oxygen  are  formed  aldehyde  and  water; 
"      alddiyde  and  oxygen     "       **      acetic  acid; 
"      acetic  acid  and  oxygen  "       "      formic  acid  and  water; 
"      formic  acid  and  oxygen  "       "      oxalic  acid  and  water ; 
"      oxalic  acid  and  oxygen  *^       "      carbonic  acid. 

7.  The  last  products  of  this  process  of  oxidation  are  con 
iBeqtiently  those  into  which  the  alcohol  passes  when  it  bums— 
namely,  carbonic  acid  and  water. 

8.  Sugar  belongs  to  the  organic  compounds  rich  in  carbon, 
alcohol  to  those  rich  in  hydrogen,  acetic  and  the  other  acids  to 
those  rich  in  oxygen. 


IX.  PATS  AND  FAT  OILS. 

520.  Experiment — Break  open  an  almond,  and  squeeze  the 
white  meat  together  by  means  of  the  finger-nail ;  small  drops 
of  fluid  will  be  expressed,  which  afe  slippery  to  the  touch,  and 
psoAet  blotting-paper  greasy  and  transparent.  This  liquid  is 
called  oU  of  almonds.  If  the  almonds  are  first  pounded,  and 
then  subjected  in  a  cloth  to  strong  pressure,  we  shall  obtain 
more  than  one-fourth  of  their  weight  of  oil  of  almonds.  A 
great  many  plants  contun  a  similar  oily  juice,  especially  in  their 
seeds,  and  from  many  of  the  latter,  oils  are  obtained  by  pound- 
ing and  expressing.  The  term  fat  oils  has  been  given  to  this 
kind  of  oils,  because  they  are  unctuous  to  the  touch,  and  thick 
flawing.  They  occur  in  small  quantity  in  almost  all  plants, 
even  in  those  where  we  should  not  expect  to  find  any ;  for  in- 
stance, in  different  kinds  of  com,  grasses,  &c. 

521.  Experiment, — Boil  some  fat  pork  cut  up  into  small 
meces  for  some  time  in  a  little  water,  and  while  the  soft  mass 
IS  still  hot,  press  it  in  a  linen  cloth;  a  fat  oil  will  float  on 
the  surface,  but  it  is  fluid  only  at  a  temperature  of  about 
86°  F.  (30°  C) ;  below  this  temperature  it  congeals  into  a 
solid,  yet  soft,  white  substance.  This  is  also  lubricating  to  the 
touch,  and  produces  greasy  spots  on  paper.  Those  kinds  of  fat, 
which,  at  the  common  temperature,  have  a  soft  unctuous  con- 
sistency, are  called  lard,  or,  improperly,  ^a^ ;  and  the  cellular 
membrane  and  skin  remaining  in  the  cloth,  and  saturated  with 
fiEit,  are  called  scraps, 

522.  The  suet  of  mutton,  when  treated  in  the  same  way. 
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yields  a  fat  which,  when  hot,  is  also  fluid,  like  oil,  hat  whi^, 
when  cooled  only  to  ahout  9°  F.  (36°  C),  congeals,  and  theft 
forms  tflUaWj  a  still  harder  substance  than  lard.  By  boiling 
and  roasting,  we  can  melt  out  fat  from  all  animal  substances, 
especially  from  those  of  the  domestic  animals,  in  which  we  are 
able  to  produce  a  great  quantity  of  fat  by  keeping  them  con- 
fined, and  giving  uiem  a  plentiful  supply  of  food.  The  fall 
obtained  by  boiling  with  water  are  white,  as  thereby  they  do 
not  become  heated  above  212°  F.  (100°  C);  vrhile  those  ob* 
tained  by  roasting  have  a  yellow  or  brown  colour  (brown  butter, 
gravy  of  roast  meat,  &c.),  because  in  this  case  a  porticm  of  th^ 
mt  becomes  burnt  by  being  subjected  to  a  stronger  heat, — to  a 
heat,  perhaps,  even  above  572°  F.  (300°  C.)  In  a  strict  sense^ 
animal  fats  belong  to  the  last  division  of  this  work,  but  th^ 
agree  in  their  properties  so  exactly  with  the  vegetable  fats,  ths^ 
the  subject  will  be  rendered  more  intelligible  by  considering 
them  together  under  the  same  head. 

The  fats  of  plants  are  fhostly  liquid  (fat  oils),  those  ei  the 
carnivorous  mammalia  and  *of  birds  are  soft  (lard),  and  tfiose 
of  the  ruminating  mammalia  hard  (tiUlow). 

PROPERTIES  OF  PATS. 

623.  Experiment — Rub  a  little  fat  upon  paper,  and  place 
it  upon  a  hot  stove ;  the  grease-spot  will  not  disappear,  how- 
ever long  the  paper  may  be  heated,  since  the  fats  art  not 
volatile. 

Fats  not  only  spread  with  great  ease  on  paper,  but  also  om 
all  other  porous  substances ;  as,  for  instance,  on  wood,  leather, 
&c.  Since  the  fats  remain  soft  for  a  long  time  in  the  interior 
of  these  substances,  we  possess  in  them  means  for  rendering 
flexible  substances  supple,  and  of  maintaining  them  in  this  state. 
For  this  reason,  leadier  harness  and  shoes  are  greased  from 
time  to  time ;  and  for  the  same  reason,  also,  the  leather-dresser 
impregnates  his  sheep-skins  with  fish  oil  in  the  fulling-mill,  to 
give  them  greater  softness  and  pliability  when  they  are  woriced 
up  into  gloves,  &c.  That  clay  and  loam  have  a  g^reat  power 
of  absorbing  fat  is  obvious,  as  these  substances  are  aUe  to 
draw  out  again  the  grease  that  has  soaked  into  wood  <h* 
paper.'  Thin  substances  acquire  a  greater  transparency  when 
their  pores  are  filled  with  h.t  instead  of  air ;  common  paper  is 
rendered  in  this  way  so  transparent,  that  it  may  be  used  for 
tracmg  and  for  transparencies. 
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524,  The  hUjioal  upon  water;  they  have  accordingly  a 
less  specific  weight  than  water.  On  account  of  this  property, 
they  may  be  used  for  excluding  air  from  other  bodies.  A 
solution  of  green  vitriol  speedily  attracts  oxygen  from  the  air, 
and  deposits  brown  hydrated  sesquioxide  of  iron  (^§  285) ;  but 
it  remains  unchangeu  when  it  is  covered  with  an  oily  film. 
Freshly  expressed  lemon-juice  soon  moulds  in  the  air ;  it  does 
not  mould >  under  a  covering  of  oil.  Preserved  fruits  keep  much 
longer  when  melted  butter  is  poured  over  them. 

Fats  are  insoluble  in  water ;  hence  they  may  be  used  for 
protecting  other  bodies  from  being  penetrated  by  water.  By 
greasing  with  taUo^^  or  £Eit,  we  render  our  shoe-leather  im- 
pervious to  moisture  ;  by  oilmg,  we  prevent  the  rusting  of  iron 
in  damp  air ;  and  by  a  coating  of  linseed  oi),  or  linseed-oil 
varnish,  we  guard  tigainst  the  penetration  of  dampness  into 
wood,  sails,  cordage,  and  their  consequent  rapid  moulding  and 
rotting.  Timber  saturated  with  oil  remains,  as  has  been 
shown  by  late  experiments,  unchanged  in  mobt  earth,  while 
common  wood  is  frequently  destroyed  by  putrefaction,  in  the 
course  even  of  a  few  years. 

525.  Emulsion, — Experiment, — Shake  some  oil  and  water 
briskly  together  in  a  test-tube ;  the  oil  divides  into  small  drops, 
and  renders  the  water  nulky ;  but  on  quietly  standing  it  soon 
rises  again  to  the  surface.  It  is  kept  in  suspension  in  the  water 
much  longer  when  some  mucilaginous  substances,  such  as  gum 
or  albumen,  are  contained  in  the  water ;  as  may  be  seen  by  tri- 
turating some  oil  with  albumen,  yolk  of  eggs,  or  a  thick  solution 
of  gum  Arabic,  and  afterwards  gradually  adding  water.  The 
milky  fluid  thus  obtained  is  called  an  emulsion  {oleaginous 
emulsion)^  and  the  oil  in  it  will  not  separate  from  the  water 
till  after  some  days. 

EJaperiment. — A  second  mode  of  preparing  emulsions  consists 
in  bruising  seed  rich  in  oil,  such  as  almonds,  or  rape-seed,  in  a 
mortar,  and  gradually  adding  water.  In  all  these  seeds  mucila- 
ginous and  albuminous  substances  are  present,  which  are  dis-» 
solved  by  water,  and  effect  a  fine  division  of  the  oil. 

We  have  a  natiural  emulsion  in  the  milk  of  the  mammalia. 
Cow's  mUk  is  turi)id,  because  the  butter  floats  about  in  it  in 
small  globules,  invisible  to  the  naked  eye ;  these  globules  of  fat 
are  kept  suspended  in  the  water  because  a  body  similar  to  albu- 
men— the  caseine — ^is  di^lved  in  the  milk.  On  longer  standing, 

2d 
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Ae  caseine  l)eeomes  insoluble  (it  coagulates),  and  fihe  figkter 
butter  collects,  as  cream,  upon  toe  surface  of  tl^  milk. 

526.  Drying  Oils  and  Unctuous  Oils. — Experiment — Rdb 
upon  a  copper  coin  a  dn^  of  linseed  oil,  upon  another  a  <kop  of 
dire  ml,  and  let  them  both  remain  for  sereral  days  in  a 
warm  place;  the  linseed  ml  will  dry  up  into  a  resinous 
miUd  mass,  while  the  olive  oil  will  remain  greasy.  All  oik 
absorb  oxygen  firom  the  air,  and  become  thereby  tlncker,  and 
also  acquire  a  disagreeable  smell  and  taste  (rancklity) ;  bat 
there  is  an  essential  lUffBrence  between  them,  as  many  oils  be- 
oome  perfect^  hard  and  dry,  while  oliiers,  on  die  contrary, 
remain  sofit  and  sti(^.  Accordingly,  mis  3re  divided  into  two 
elasses,  into  drying  and  unctuous  oUs,  The  former  may  also  be 
called  vamish  oils,  as  they  are  particularly  adapted  for  varnish- 
ing. The  latter  are  calkd  unctuous  oils,*  because,  when  it  is 
desired  to  prev^it,  by  means  of  grease,  the  £riction  and  heating 
of  solid  bodies,  these  oils  remain  soft  and  unctuous  much  longer 
Aan  the  drying  oils. 

527.  By  ^  absorption  and  condensation  of  oxygen  taking 
place  on  the  drying  of  oils,  heat  must  be  liberated,  as  in  eveiy 
condensation  of  an  aenform  body  to  a  liquid  coo^tioii.  Under 
some  circumstances,  as  when  freshly  oiled  or  vamidied  sinb- 
stances,  such  as  wod,  Unen,  &c.,  are  heaped  together  in  large 
masses,  this  heat  rises  to  sudi  a  degree,  that  spontatieous  coTn- 
kusiion  occurs ;  therefore  it  is  not  prudent  to  lay  such  artides 
too  closely  upon  each  oth^,  before  they  have  become  thoroughly 
dry. 

CHANGES  OF  FAT  6T  HEAT. 

528. .  .SSrpmmef}^. — Heat  some  linseed  oil  o^mr  sn  alcohol 

flame,  and  test  the  temperature  of  it  occasionally  by  a  tiienncH 

pjj.  203  meter.   At  firat  the  heat  rsij^idtw  rises 

^^  to  212°  F.  (100°  C),  and  remains  for 

4^^^  some  lime  at  that  temperature,  during 

^iir"^^  whidi  time  the  oil  boiis  moderatdy; 

^^■■^^^^  this  behaviour  is  ooea^oned  by  all 

^H^  crude  oil  containing  watery  particles, 

^^  which  evaporate  at  212^  F.  (100°  C.) 

^■^^  As  soon  as  these  have  volatyked,  the 

^^^^F^S  temperature  is  suddenly  ^vated  even 

<M  begins  to  boil  for  the  «cond  time, 
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b«it  emitting  now  a  white  smc^e  having  a  Teiy  disagreeable 
odour.  This  vapour  consists  of  decomposed  oil,  principally  of 
illuminating  gas,  and  burns,  when  Idndled,  with  a  brisk  flame ; 
&t8  are  aecordingljr  combustible^  but  only  at  a  temperature  suffi* 
eieatly  high  to  efi^ct  their  chemical  decomposition. 

Illuminating  gas  is  frequently  prepared  on  a  large  scale  from 
ois,  by  causing  them  to  drop  upon  a  red-hot  iron  vessel,  from 
wiaeh  the  gas  generated  (oil  gas)  is  conducted  by  a  pipe  into  a 
receiver  (gasometer), 

529.  Every  lamp,  every  candle,  is  an  illuminating-gas  i^pa* 
ratus  on  a  small  scale.  But  in  this  case  the  combustion 
^'  takes  plaoe  only  with  the  aid  of  an  easily  combustible 
f  body,  die  wick.  When  a  fresh  eandle  is  lighted,  the 
cotton  of  the  wick  first  inflames,  and  the  heat  thus  pro- 
duced is  sufficient  to  melt  the  tallow  in  contact  with  the 
wide.  The  melted  tallow  now  ascends  by  capillary 
attraoti(m  (§  106),  through  channels  formed  by  tlie 
fibres  of  the  cotton  lying  beside  each  other,  and  in  these 
channels  it  becomes  heated  by  the  flame  to  a  temperature 
of  above  572°  F.  (300°  C),  and  consequently  is  decom- 
posed into  illuminating  gas.  Whale  oil,  rape-seed  oil, 
oil  of  c(^za,  olive  oil,  tallow,  and  wax,  are  moat  frequently 
used  as  UluminaHng  materials, 

5301  Experiment, — Let  some  cbops  of  water  fell 
from  a  shaving,  that  has  been  dipped  in  water,  into  some  oil 
burning  in  a  ^oon ;  the  oil  spatters  about,  because  tlie  heavier 
water  sinks  in  it  and  is  suddenly  converted  into  vapour,  whiph 
ejects  the  oil.  Bunnng  iut,  such  as  vamidi,  lard,  &C.,  should 
tiberefbre  never  be  quenched  with  water;  but  the  quenching 
may  be  done  eamly  and  without  danger,  if  tibe  vessel  is  covered 
with  a  board  or  a  piece  of  sheet  iron,  thus  excluding  the  air, 
idbich  is  req^site  for  the  eontmuation  of  the  eombustioa. 

•531.  As  in  wood  (§  120),  so  also  in  fiats,  the  hydrogen  burns 
nore  quickly  than  the  carbon,  and  this  is  the  reason  why  the 
jpartly  burnt  oil  remaining  after  the  extinction  is  richer  in  car- 
bon, and  has  a  darker  colour.  An  empyreumatie  oil  oi  this  kind 
is  kept  in  the  shojps,  under  the  name  of  the  oil  of  bricks^  or 
pkUosophic  oil.  On  still  further  beating,  the  linseed  oil  becomes 
continually  blacker,  and  at  liie  same  time  thicker,  so  that  it 
finally  aeqmres  a  vis^d  ecmsistency  (facdtiont  birdlime),  and 
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when  mixed  with  soot  fonns  the  basis  of  the  important  ^rtTSft'i?^ 
tnk, 

COMPOSITION  OF  FATS. 

632.  The  similarity  in  the  combustion  of  fats  and  wood  in£- 
cates  that  they  have  a  similar  constitution.  Indeed,  both  bodies 
possess  the  same  constituents,  namely,  carbon,  hydrogen,  and 
oxygen ;  the  difference  depends  only  upon  the  quantity ;  the 
fata  contain,  namely,  more  hydrogen  and  less  oxygen  than  wood. 
They  accordingly  belong  to  one  and  the  same  category  with 
alcohol  and  ether, — to  that  of  the  organic  bodies  which  ore 
rich  in  hydrogen. 

533.  Stearins  and  Oleine, — We  cannot,  however,  regard 
&ts,  like  woody  fibre  or  alcohol,  as  homogeneous  bodies,  but  as 
mixtures  of  several  more  simple  kinds  of  fat,  into  which  the 
fats,  without  being  chemically  decomposed,  may  be  separated. 

Experiment, — If,  during  tne  winter,  you  place  a  vessel  con- 
taining lamp  oil  in  the  cold,  part  of  it  will  congeal  into  a  solid 
mass,  like  tallow,  while  the  other  part  remains  fluid  ;  the  oil  is 
accordingly  separated  by  the  cold  into  two  fats,  one  solid  and 
one  fluid.  The  solid  fat  has  receiyed  the  name  of  siear'tne,  and 
the  fluid  that  of  oleine.  By  repeated  cooling,  the  greater  part 
of  the  stearine  may  be  separated  from  the  oiL  The  stearine 
obtained  is  pressed  between  blotting-paper  as  long  as  the  paper 
absorbs  any  liquid  oil  (oleine). 

Experiment. — Twist  a  wire  round  a  wide-mouthed  phial,  in 
Fig.  205.  such  a  manner  as  to  form  two  handles,  by  means 
of  which  the  phial  may  be  suspended  in  a  jar, 
which  is  then  half  filled  with  water,  and  heated 
upon  a  tnpod.  Put  into  the  phial  one  drachm  of 
tallow  and  enough  strong  alconol — absolute  alco- 
hol is  the  best — to  fill  it  three-quarters  fiill.  When 
the  contents  of  the  phial  boil,  remoye  the  lamp, 
and  leave  the  phial  in  the  water-bath,  till  the 
melted  tallow  has  again  settled  at  the  bottom,  and  then  pour 
the  hot  supernatant  alcohol  into  a  beaker-glass.  Repeat  the 
boiling  three  or  four  times,  with  fresh  alcohol.  Let  the  alcohol 
stand  for  some  hours  in  cold  water,  covered  over ;  afterwards 
filter  the  liquid  from  the  granular  powder  that  has  separated, 
wash  the  powder  several  times  vrith  cold  alcohol,,  and  dry  it 
in  an  airy  place.     This  mass,  which,  when  dry,  is  laminated 
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and  slightly  lustrous,  is  the  stearine.  of  mutton-tallow;  the 
oleine  must  he  sought  for  in  the  filtered  alcohol.  It  remains 
behind,  in  the  form  of  a  somewhat  thick  oil,  when  the  alcohol  is 
allowed  to  evaporate  in  a  cup  on  a  warm  stove. 

As  is  ohvious  from  these  experiments,  stearine  and  oleine 
^orm  ike  approximate  constituents  of  fat,  and  this  is  the  reason 
why  some  fats  are  hard,  some  soft,  and  others  liquid ;  the  solid 
stearine  predominates  in  the  former,  the  fluid  oleine  in  the 
latter.  Pure  stearine  begins  to  melt  at  140°  F.  (60°  C),  pure 
oleine  begins  to  solidify  only  at  a  very  low  temperature.  One 
pound  of  mutton  contains  about  three-quarters  of  a  pound  of 
'Stearine  ;  one  pound  of  olive  oil  barely  a  quarter  of  a  pound. 

The  following  are  among  the  most  important  fats : 


A.  VEGETABLE  FATS. 

a.  Drying  Oils  (Varnish  Oils). 

534.  Linseed  Oil, — The  well-known  linseed  yields,  on  being 
subjected  to  pressure,  a  yellow  oil,  equal  to  one-fifth  of  its  own 
weight,  which  is  g^radually  bleached  by  long  exposure  to  the 
sunlight.     It  is  most  frequently  used  in  oil  varnishes. 

Experiment, — Add  to  an  ounce  of  linseed  oil  a  quarter  of  a 
drachm  of  litharge,  and  half  a  drachm  of  acetate  of  lead  ;  put  the 
mixture  in  a  warm  place,  and  frequently  shake  it.  The  liquid, 
clarified  by  settling,  now  dries  much  quicker  than  it  would  have 
done  before ;  it  is  the  common  linseed  oil  varnish^  which,  mixed 
with  colours,  is  generally  used  for  imparting  a  gloss  to  wood, 
metal,  &c.  The  so-called  oil-cloth  is  cotton  cloth  smeared  with 
coloured  varnish;  oil-silk  is  varnished  silk.  This  varnish  is 
commonly  prepared,  on  a  large  scale,  by  heating  one  hundred 
pounds  of  Hnseed  oil  with  one  pound  of  litharge,  and  maintain- 
ing the  mixture  for  an  hour  at  a  temperature  of  212°  F. 
(100°  C.)  A  stronger  heat  renders  the  varnish  darker  and 
thicker,  and,  besides,  might  easily  cause  it  to  boil  over  and  take 
fire.  The  slimy,  dingy  white  sediment  which  remains  after 
both  processes  is  a  combination  of  mucilaginous  substances  with 
oxide  of  lead.  AH  oils  contain,  in  the  unpurified  state,  mucila- 
ginous (gummy  and  albuminous)  substances,  which  retard  the 
drying  ;  these  are  rendered  insoluble  by  oxide  of  lead.  Varnish 
is,  accordingly,  linseed  oil  free  from  mucilage. 
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By  kneadtnp  together  Hnseed-oil  vamitfa  and  dudk,  we  o^ 
tain  a  plastic  dongn,  common  putty. 

Hemp  oil,  from  hemp-seed,  of  a  jeUowish-gfreen  eoloor,  is 
also  used  in  the  preparatMm  of  Tantii^y  and  likewise  for  bonnB^, 
and  for  the  mannfiEiettnre  of  g^reen  soap. 

Poppy  oil,  from  poppy-seeds,  senres  aa  a  taUe  oil,  and  ftv 
the  preparation  of  a  yery  clear  ▼annsli. 

Castor  oil,  from  the  seeds  of  tl^  castor-oil  plant,  n  a  pmga* 
tive  medicine. 

Oil  in  also  obtmned  from  pumpkin-seeds^  walnut^  wmflawT- 
seeds,  he, 

h.  Vnetuons  Oils  {remaining  wseous). 

535.  An  oil  for  burning  k  expressed  from  rape-seed.  In 
order  that  it  may  hurn  without  depositing  soot  on  the  wick,  it 
must  he  refined,  that  is,  purified  from  its  mucilaginous  parts. 
This  is  done,  not  by  oxide  of  lead,  but  by  sulphuric  acid. 

Experiment. — Mix  one  ounce  of  crude  rape  oil  with  eight 
drops  of  common  sulphuric  acid,  and  shake  it  frequently  ;  in 
half  an  hour  add  half  an  ounce  of  water,  again  shake  the  nsix- 
tnre  briskly,  and  set  it  aside  for  some  days,  when  the  oil  floating 
on  the  surface  will  be  freed  from  mucilage  (porifiedy  Tlie 
slimy  parts,  charred  by  the  sulphuric  aeid,  and  render^  inoo- 
hible,  are  found  settled  in  the  water  at  the  bottom  ci  the  yeasel. 
The  sulphuric  acid  still  adhering  to  the  oil  is  removed  by  re^ 
peated  washing  with  water.  So^huric  acid  charsy  as  is  known, 
all  organic  substances  (§  173),  some  (for  instance^  mncili^) 
easily,  others  (for  instance,  oil)  with  difficulty;  if  just  enoi:^ 
snlphuric  acid,  therefore,  is  added  to  the  ml  to  char  the  maeilitt;e, 
then  the  mucilage  only  is  destroyed,  and  the  oil  remains  mm- 
eomposed,  A  larger  quantity  of  sulphuric  acid  would  abo 
attadc  the  <^. 

Olive  oil  is  pressed  out  from  the  pulp  of  olives,  the  fmit  of 
the  olive-tree.  The  finest  cold-pressed  Provence  oil  is  of  » 
bright  yellow  coloui^  the  hot-pressed  common  olive  oil  is 
greenish;  these  two  s(nrts  are,  as  is  well  known,  miiversally 
used  as  a  table  condiment,  and  for  greasing  machinery.  Th«re 
is  a  thicker,  darker  kind,  of  an  inferior  quality,  which  is  used 
in  France  and  Italy  for  the  manufacture  oS,  the  so-called  Naples 
or  Marseilles  toap. 

Oil  of  almonds  is  obtained  by  subjecting  sweet  ahnonds  to 
pressure.     Bitter  almonds  also  yield  by  cold  pressure  a  good  oil 


ci  ahnoncb^  "wyie  by  hot  pressure  an  oil  ia  obtainfid  contibung 
pnusie  acid. 

OUs  are  obtained  also  horn  baxel-^isls,  beech-iuatfl,  plum  and 
eberry  stones,  f^:>ple-seedsy  &e. 

Coroa'Tiui  otly  from  the  kernel  of  the  cocoa  nut,  jb^  at 
wc9emge  t^nperatures,  as  soft  as  hog's  lard^  it  has  a  white 
cokmr  and  a  somewhat  disagreeable  smeller 

Pabm  M^  a  yellow  fat,  similar  to  batter,  likewise  proceeds 
from  the  frnit  of  a  species  of  pahn-tree.  Its  yellow  colouring 
matter  is  removed  when  heated  to  266''  F.  (130P  C.)  (Ueaeh- 
ing  by  heat). 

Cocoa-nut  oil  as^  palm-oil  aie  now  maau&ctHrcd  ii^  soap 
in  Tay  large  quantities. 

The  following  kinds  of  fEit  are  employed  in  j^^armac^ : 

Cacao  butter,  the  taUow-like  white  or  yellowish  fat  of  the 
cacao-nut,  the  cause  of  the  &t  partides  M^h  rise  on  boiled 
dioeolate. 

Oil'  of  nutmeg&y  the  yellow,  agreeahly-siiielling  £it  of  the 
nutmeg,  having  the  consistency  of  butter. 

(Hi  of  bay,  the  beautifully  green,  suet-like  £it  of  the  berries 
<^  the  bey-tree. 

B.   ANIMAL  FATS» 

536.  Our  common  domestic  animals,  oows,  goats,  and 
^eep,  supply  us  with  several  kinds  of  £it ; — a  hiuder,  white 
kind  {tallow  or  suet),  which  is  deposited  in  and  covers  the 
flesh ;  a  softer  kind,  generally  of  a  yellow  colour,  which  separ 
rates  from  their  milk  (butter) ;  and,  beades  these^  there  axe 
the  fats  of  the  marrow  and  the  hoo€s^ 

The  fat  of  the  stag  is  white  and  hard,  like  mutton-suet, 
'  Hog's  lard,  goose-grease,  &c.,  are  well  enough  known.  In 
earlier  time^,  when  it  was  believed  that  each  single  animal  fat 
eoneealed  within  itself  peculiar  properties,  innumerable  kinds  of 
these  £ats  were  kept  in  the  apothecaries'  shops ;  but  now,  phdn 
hog's  lard  supplies  the  place  of  all  the  others. 

537.  Train  oil  is  obtained  by  means  of  heat  &em  the 
blubber  of  whales,  ddphins,  seals,  and  different  fishes.  When 
minted  out  at  a  moderate  heat,  it  has  a  yellow  colour,  aad  a 
slight  odour,  which  is  not  disagreeable ;  but  that  which  is  ob- 
tained by  strong  heat,  or  from  fishes  that  have  become  putiid, 
is  of  a  dark-browu  colour,  and  has  a  very  disagreaable  odour. 
Fish  oil  is  preferred  for  greasing  leather;  it  is  likewise  used  in 

dicine  and  in  the  preparation  of  soft  soap. 
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538.  Spermaceti  is  white,  sparkling,  and  so  hard  that  it  may 
he  ruhhed  into  a.  powder,  and  is  found  enclosed  in  pecuHar 
cavities  in  the  head  of  the  sperm-whale. 

539.  Wcue  (cera)  occurs  in  small  quantities  in  all  plants^ 
especially  in  the  shining  coating  of  the  leaves,  stalks,  and  firoUa^ 
for  instance,  in  the  skins  of  apples,  and  particularly  in  the  polien 
of  flowers.  Some  plants  of  Japan  and  South  America  contain 
80  much  wax  that  it  may  he  separated  hy  boiling  with  water 
and  by  pressure,  and  it  is  then  introduced  into  commerce  under 
the  name  of  vegetable  or  Japan  wax.  But  the  purveyors  (^ 
our  common  wax  are  the  bees,  which  gather  it  from  the  flowers, 
and  use  it  in  building  their  cells.  These  insects  may,  perhaps^ 
make  their  wax  in  part  also  from  the  sweet  juices  of  the  plants 
on  which  they  feed,  for  accurate  experiments  have  proved  that 
bees  have  the  capacity  of  exuding  from  their  abdominal  nng^ 
the  sugar  upon  which  they  feed,  converted  into  wax.  The 
yellow  wax  is  bleached  by  cutting  it  into  shavings,  exposing 
them  to  the  sun,  and  frequently  watering  them.  Yellow  wax  melts 
at  143°  F.  (62°  C),  white  wax  at  158°  F.  (70°  C.)  Wax  is  not 
only  used  for  imparting  stiffness  to  thread,  and  in  the  manufac- 
ture of  candles,  but,  when  dissolved  in  potash  lye,  it  forms  the 
so-called  wax-soap,  employed^ for  giving  a  gloss  to  variegated 
paper  and  for  polbhing  floors,  and  when  mixed  with  oils  is 
made  into  plasters  and  ointments  (cerates).  Paper  immersed 
in  hot  wax  forms  a  good  material  for  covering  vessels,  to 
protect  them  &om  moisture.  Turpentine  is  added  to  wax,  in 
order  to  render  it  more  pliant  and  tougher,  as  we  find  it  in 
wax  candles,  and  in  the  wax  used  for  grafting  trees. 

FATS  AND  ALKALIES  (sOAPS). 

540.  Hard  Soap, — Experiment, — Make  first  a  strong  lye 
Fie.  206.  ^^^  ^^^  drachm  of  the  caustic  soda  of 

commerce  and  oue  ounce  of  water,  and 
next,  a  weak  lye^  with  one  drachm  of 
caustic  soda  and  two  ounces  of  water.  Boil 
the  latter  gently  with  an  ounce  and  a  half 
of  beef-suet,  for  half  an  hour,  in  a  vessel 
only  half  filled  with  the  mixture,  and  then 
add  the  strong  lye  gradually  while  the  boil- 
ing continues.  The  fat  and  lye  gradually 
unite  and  form  a  uniform  mass,  of  a  gluey  consistency,  whicn 
after  a  time  becomes  thick  and  frothy.    K  a  drop  of  tms,  when 
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priessed  between  the  fingers,  presents  firm  white  flakes,  then  add 
half  an  ounce  of  common  salt,  boil  for  some  minutes,  and  Jet 
the  whole  mass  quietly  cool.  We  obtain  a  firm  mass  (soap) 
and  a  watery  liquid,  in  which  the  common  salt  and  some  free 
6oda  remain  dissolved  (under'fye).  If  the  soap,  when  boiled 
with  water,  forms  a  turbid  solution,  it  still  contains  some  tm- 
saponified  tallow,  in  which  case  add  to  it  some  weak  lye,  and 
conlanue  bcnling  until  the  sample  ^ves  a  clear  solution  in 
water;  add  a^^ain  some  common  salt,  and  let  it  cool.  The  soap 
prepared  in  l£i8  manner  has  the  same  composition  as  common 
house-soap.  More  recently,  palm  oil  or  cocoa-nut  oil  has  been 
used  partly  or  entirely  to  supply  the  place  of  tallow,  the  palm 
oil  because  it  is  cheaper  than  tallow,  and  the  cocoa-nut  oil  be- 
eanse  it  communicates  to  the  soap  the  property  of  forming  a 
very  strong  lather. 

jEa:periment — Repeat  the  former  experiment,  using  olive  oil 
instead  of  tallow;  hsurd  soap  is  likewise  obtained  (pil\  or  Mar- 
seilles  soap), 

541.  Soft  Soap. — Experiment — Prepare  again  some  oil- 
soap,  as  above  described,  but  instead  of  soda  use  potassa  lye, 
which  is  prepared  from  caustic  potassa  and  water,  and  omit  the 
addition  of  common  salt;  the  glutinous  mass  does  not  then 
pass  by  boiling  into  a  hard  soap,  but,  after  sufficient  evapora- 
tion of  the  water,  yields  a  soft  mass  {soft  soap  ot  potassa  soap). 
This  kind  of  soap  is  frequently  employed  in  print  works  for  the 
cleansing  of  coloured  fabrics.  If  train  oil,  hemp-seed  oil,  or 
linseed  oil  is  used  instead  of  olive  oil,  a  darker-coloured  soft 
soap  is  obtained,  which  is  usually  coloured  green  by  indigo  and 
turmeric  {green  and  black  soap). 

Ammonia  acts  far  more  feebly  than  potassa  and  soda  upon 
fats.  If  some  of  the  unctuous  oils  are  shaken  up  with  ammonia> 
thick  white  mixtures,  Uniments^  are  obtained,  which  are  often 
applied  by  friction  to  the  skin. 

Hard  soaps  are  formed  from  fats  by  soda^  soft  soaps  by 
potassa.  The  chemical  process  taking  place  in  both  cases  may 
DO  explained  as  follows. 

542.  Fatty  Adds, — The  fats,  as  was  shown  in  §  533,  consist 
of  several  simple,  sometimes  solid,  sometimes  fluid,  kinds  of 
fat, — among  which  the  solid  stearine  and  the  fluid  oleine  are 
especially  predominant.  These  proximate  constituents  of  the 
natural  fats  may  be  regarded  as  saline  bodies;  that  is,  as  com- 
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bnations  of  aa  acid  witk  a  htae^  Every  simple  fid  eontaHW  « 
peculiar  acidy — tteanae,  stearic  acid ;  dilate,  oleic  aeid;  pakoi- 
tioe,  pabutic  aeid,  &c. ;  Imt  aQ  cootun  one  and  ike  samebaac^ 
to  wlud»  the  name  daide  0/  §ly€ar^le  (sweet  piiaeiple  of  efl) 
has  been  given. 

Stearme  is,  accordingly,  stearate  of  oxide  of  glyceryle. 

<Heiiie        **•       ^         oleateof  oxide  ofeljcecTlt. 

T.iu.»       It        u       fa-mixtnreof  macbatearaateuaDdAlitdeoieaiteof  cxide 

^"*^  \     ofgiycerylcj&c 

To  de^gnate  the  different  acids  contained  in  the  fi^  the 
general  term  ^'  fatty  acids"  will  always  be  nsed  in  the  foUowiiig 
pages.  FcOs  in  general  ore,  aceordingl^y  to  be  reff€urdedas 
combination»  afftUty  acids  with  oande  if  gfyeeryie,  er  as  salts 
cffaftff  acids  and  oxide  cfgl^ceryle. 

643.  The  process  of  the  formation  of  soap  is  thus  one  of 
simple  elec^e  affinity ;  the  stringer  bttses,  soda  and  potassa, 
displace  the  weaker  oxide  of  glyceryle,  and  combine  with  the 
fatty  acids,  forming  compounds  of  fatty  acids  witk  soda  (soda 
soap),  or  of  fatty  acids  with  potassa  (potassa  soap),  Fvom 
potassa  and  a  fetky  acid  with  oxide  of  glyceiyle  lure  formed  a 
pctash-salt  of  the  ratty  acki  and  free  ozi&  of  glyc^k  (poiasBa 
soap).  From  soda  and  a  fatty  acid  with  oiqde  of  glyeeryle  aae 
formed  a  sodarsalt  of  the  fatty  acid  aad  free  oxide  of  glye»jk 
(sod^soap). 

In  the  first  two  ei^>eriment3  the  separated  oxide  of  glyeeryle, 
soluble  in  water,  remmns  in  the  under-lye ;  but  in  the  soft  soefy 
when  the  surf^us  of  water  does  not  separate  as  a  £md  from  tiiB 
soap,  bat  is  removed  by  evaporation,  it  remains  mef4innicaMy 
mixed  with  the  soap. 

The  action  of  common  salt  may  be  se^  by  trying  to  dissolve 
hard  soa^  in  salt  water ;  no  solution  ts^es  place,  not  even  00 
boiling,  ybr  soap  is  insoluble  in  salt  water,  and  likewise  in 
strong  lye ;  therefore  soap  may  be  preci^tated  from  a  solntioD 
in  water  by  the  addition  oi  common  salt.  This  method  of  se- 
parati(m  is  usually  employed  on  the  large  scale,  since  it  yields  a 
purer  soap  than  when  the  water  is  removed  by  evaporation; 
£or,  in  the  latter  case^  hydrated  oxide  of  glyeeryle,  surfing  of 
lye,  and  perhaps,  also,  some  impurities  contained  in  the  lye  or 
&t,  remain  mixed  with  the  soap,  while  by  the  former  method 
they  are  disserved  in  the  liqind  {under-lyey 

544.  Qmoersion  of  Potassa  Soap  into  Soda  Soap, — JEspe>' 
rvment, — Dissolve  some  of  the  soft  soap  obtained  in  §  541  in 
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boimg  witev  <hu1  sprinkle  in  some  salt ;  tbe  soap  separates^ 
and  collects  upon  the  surface  of  the  water,  j«t,  when  gM^  iI 
wiU  DO  longer  be  soft,  but  hard.  The  sah  here  acts  in  anodier 
BMuner;  it  occasions  an  interchange  of  the  constituent  parts — 
aaai^,  from  the  potaiA-salt  of  the  fattj  acid  and  chloride  of 
sodium  are  femaed  chloride  of  potassium  and  the  soda-salt  of  the 
fijKt^  acid  (soda  soap). 

Soc^Mnakers  ofbn  proceed  in  this  way  on  a  large  scale ;  ihey 
make  a  eaustie  potassa  Ije  of  wood-ashes  and  lime  (Ije  <» 
wood-ashes),  ImmI  it  with  fat,  and  finally  convert  the  soft  potassa 
soap  ohtaiBed  mto  hard  soda  soim,  by  means  of  cmnmon  salt. 

80AP  AHD  ACIDt. 

545.  McperimenL — ^Dissolve  some  of  the  hard  soda  soap  in 
boi  water,  and  add  to  it  rinegar  by'  drops  until  a  turbidness 
eosnes.  Vmegar,  and  other  acids,  vre  stronger  than  the  £sitty 
acids;  tiierefore  they  withdraw  iiom  the  latter  the  base,  and 
the  £Uty  adds  are  set  free.  As  these  are  figfator  than  water, 
and  at  the  same  time  insoluble  iu  it,  so  they  collect  on  the  sur- 
&ee  of  the  water.  The  &tty  acids  thus  obtained  resemble 
tallow  externally,  but  it  is  erident  that  they  are  not  tallow, 
ainee^  even  alter  hmg  washing,  they  still  have  an  acid  reaction, 
irinch  is  not  the  ease  with  tallow ;  and  they  are  easily  dissc^ed 
in  hot  alcohol,  but  tallow  very  difficultly.  Three-fourths  of 
the  mass  conost  of  stearic  acid,  one-fourth  of  oleic  acid.  When 
fltrongly  pressed  between  blotting-paper,  the  oleic  acid  soaka 
iato  the  pap^,  and  the  stearic  acid  remains  behind. 

Stearic  add  is  harder  and  more  brittle  than  wax,  brilliantly 
-white,  translucent,  and  melts  at  the  temperature  of  158°  F. 
(70°  C.)  There  are  now  large  factories  for  the  preparation  of 
k,  and  it  is  used  in  the  manu^Eu^ure  of  the  stearine  candles, 
whidi  hare  become  so  popular. 

Experiment, — Heat  some   ounces  of  strong  akohol  in  a 
FIff  207  water-bath,  and  when  it  hoik  add  to  it  as  much 

stearic  acid  as  wiQ  dissolve  in  it.  Pour  half  of 
the  solution  obtained  into  cold  water,  and  let 
the  other  cool  qmeily;  in  the  former  case  the 
stearic  acid  is  obtained  as  a  light,  silky,  brilliant 
mass,  while  in  the  latter  it  takes  tfaie  form  of 
delicate  crystalline  plates. 

546.  Experiment — If  an  acid  is  added  to  a 
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solution  of  oil'Soap,  an  oily  fluid  separateSy  wUch  ooosirts  prin* 
cipally  of  oleic  acid. 

Oleic  acid,  in  its  external  appearance,  is  hardly  to  be  disdn* 
guished  ftrom  olive  oil,  but  it  differs  from  it  in  the  following 
respects :  it  has  an  acid  taste  and  reaction,  which  olive  oil  has 
not,  and  it  readily  dissolves  even  in  cold  alcohol,  which  olive  oil 
does  not.  The  oleic  acid,  procured  in  stearic-acid  fectories 
from  tallow,  as  a  secondary  product,  now  frequently  occurs  in 
commerce,  and,  on  account  of  its  cheapness,  is  employed  in  the 
manufjEusture  of  soap,  and  in  greasing  wool  for  spinning. 

547.  Oaide  of  glyceryle  (glycerine,  or  sweet  principle  of 
oil). — Experiment, — ^Add  to  me  sof^  soap,  prepared  according 
to  §  641,  a  solution  of  tartaric  acid;  and  leave  the  watery 
fluid,  after  being  clarified  by  filtration,  to  evaporate  in  a  warm 
place.  The  saline  mass  remaining  af);er  evaporation  consists  of 
bitarirate  of  potassa  (tartar)  and  of  the  base  of  the  fets,  oxide 
of  glyceryle ;  when  strong  alcohol  is  added,  the  latter  dissolves, 
while  the  bitartrate  of  potassa,  together  with  any  excess  of  tar- 
taric acid  that  may  be  present,  remains  undissolved. 

The  oxide  of  glyceryle,  which  remains  after  the  evaporation 
of  the  alcohol,  has  the  appearance  of  a  yellow  syrup.  It  has 
not  an  alkaline  taste,  but  is  sweet,  like  sugar ;  neither  does  it 
react  basically,  although  it  is  soluble  in  water.  It  has,  ac- 
cordingly, no  similarity  to  other  bases  soluble  in  water,  as,  for 
example,  potassa  or  soda.  But  the  reason  why  it  is  regarded  as 
a  base  is  evident  from  its  behaviour  with  acids ;  it  is  considered 
as  a  base,  because  it  combines  with  acids  in  fixed  proportions, 
forming  compounds  having  the  character  of  salts.  It  consti- 
tutes only  about  a  tenth  or  twelftii  part  of  fats ;  an  ounce  and 
a  quarter  of  it,  at  most,  is  contained  in  one  pound  of  tallow. 

Experiment. — Wipe  the  basin  containing  the  small  quantity 
of  the  oxide  of  glyceryle  that  has  been  obtained,  with  white 
blotting-paper,  and  heat  the  latter  in  a  spoon.  During  tiie 
combustion  there  will  be  evolved  from  it  an  extremely  pungent 
odour,  proceeding  from  the  oxide  of  glyceryle,  which  is  decom- 
posed by  the  heat  into  a  volatile,  extremely  pungent  substance 
\acroleiney  or  oxide  ofacryle\  which  produces  tears.  Hence  is 
explained  the  pungent  odour  which  is  perceived  during  the  im- 
perfect combustion  of  all  kinds  of  fat.  This  odour  is  very 
strikingly  manifested,  also,  when  varnished  articles  are  drying 
— for  instance,  in  the  drying-chambers  of  the  oil-cloth  factories. 
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This  volatile  matter  may  be  formed  also,  even  at  a  low  tempe- 
rature, from  glycerine.  No  smell  of  acroleine  is  evolved  on 
heating  the  pure  fatty  acids. 

PROPERTIES   OF   SOAPS. 

548.  Washing  wiih  Soaps, — Soaps  have  two  important  pro- 
|>ertie6;— Ist,  they  dissolve  fat  and  oils;  2nd,  they  are  very 
easily  resolved,  merely  by  mixing  with  much  water,  into  an  acid 
salt  and  free  idkali ;  the  latter  dissolves,  as  is  well  known,  most 
organic  substances,  but  the  former  effects  by  its  lubricity  an 
easy  washing  away  of  the  dissolved  matter  from  other  sub- 
stances. On  these  two  properties  depends  -the  application  of 
SOU)  in  washing.  The  separated  acid  salt  of  the  fatty  acids 
witti  alkali  both  diminishes  the  action  of  the  free  alkali, 
And  keeps  the  articles  pliant  which  are  washed  with  soap,  while 
they  would  become  ngid  if  they  were  cleansed  with  caustic 
iJkalies  alone.  To  prevent  the  shrinking  of  woollen  articles, 
wash  them  with  a  weak  solution  of  carbonate  of  soda,  instead 
of  with  soap. 

649.  Soap  and  Alcohol. — Uaperiment — Pour  one  ounce  of 
alcohol  upon  one  ounce  of  the  shavings  of  tallow  soap;  the 
soap  is  completely  dissolved  on  heating  in  the  water-bath,  but 
the  solution  congeals  on  cooling  to  a  transparent  Jelly.  This 
jelly-like  soap,  mixed  with  camphor  and  ammonia,  is  called 
opodeldoc.  The  white  stars  separating  from  this  consist  of 
crystallised  stearate  of  soda.  All  soaps  prepared  from  solid 
fats  (rich  in  stearine)  behave  like  tallow  soap. 

Mcperimeni. — Dissdve  one  drachm  of  Naples  soap  in  half  an 
ounce  of  alcohol ;  this  solution  does  not  coagulate  on  cooling ; 
it  forms  the  tincture  of  soap.  By  evaporation,  a  diaphanous 
soap  is  obtained  (transparent  soap).  Ail  the  soaps  made  from 
the  fluid  fats  (ricn  in  oleine)  act  like  the  Naples  soap. 

660.  Insoluble  Soaps. — Uaperiment. — If  some  lime-water 
isadded  to  a  solution  of  soap  in  water,  a  precipitate  of  insoluble 
lime  soap  is  formed;  hence  is  explained  why  spring- water, 
which  generally  contains  lime  (hard  water),  neither  dissolves 
soap  nor  lathers  with  it,  and  accordmgly  cannot  be  used  for 
washing. 

Uaperiment, — By  adding  acetate  of  lead  (§  337)  to  a  solu- 
tion of  Naples  soap  in  hot  water,  as  long  as  a  precipitate  is 
formed,  we  obtain,  by  double  elective  afifinity,  acetate  of  soda, 
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which  remains  dissolved,  and  a  compound  of  fiatty  acid  with  oxide 
of  lead,  which  separates  as  a  white,  adhesive  mass,  ihat  maj  he 
kneaded  with  the  moist  hands,  and  formed  into  roWs^lead  soap 
or  lead  plaster).  From  the  compound  of  the  fatty  acid  witii 
soda,  and  the  acetate  of  lead,  are  formed  a  compound  of  the  fatty 
add^with  oxide  of  lead  (lead  plaster)  and  acetate  of  soda. 

In  pharmaceutic  lahoratones,  this  plaster,  generally  known 
under  the  name  of  diachylon,  is  prepared  m  a  different  manner, 
namely,  hy  hoiling  litharge  with  olive  oil  and  some  water.  Bj 
this  method  oxide  of  glyceryle  is  readily  obtained,  and  in  larger 
quantities,  as  a  secondary  product ;  the  plaster  made  has  only 
to  be  waited  with  hot  water,  and  the  water  evapca^ted  afiter 
die  oxide  of  lead  dissolved  in  it  has  been  previously  preci{»tated 
by  sulphuretted  hydrogen.  If,  instead  of  litharge,  white  lead 
(carbonate  of  lead)  is  boiled  with  oil  and  water,  we  likewise 
obtain  a  compound  of  fatty  acid  and  oxide  of  lead,  noce  the  caa^ 
bonic  acid  is  expelled  by  the  fatty  acids.  In  this  manner  the 
pkuter  of  carbonate  of  lead  is  prepared,  which  has  commoDly 
a  whiter  colour  than  the  former  plaster,  because  it  stall  contains 
some  white  lead  mechanically  mixed  with  it. 


X.  VOLATILE  OR  ETHEREAL  OILS. 

551.  Preparation  of  Volatile  Oils. — Experiment, — Put  one 
ounce  of  turpentine  in  a  dish  in  a  warm  place^  and  when  it  has 
Fig.  208. 


become  liquid  transfer  it  to  a  capacious  flask ;  pour  upon  it  four 
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MBioes  of  wato,  and  distH  until  about  iiiree-fourths  of  the  water 
have  passed  over.  Pour  the  rendue,  while  still  hot^  into  cold 
water,  in  which  the  non-volatile  portion  of  the  turpentine  re- 
maining behind  congeals  to  a  solid  mass  (redn).  A  strong- 
smelling,  colourless  liquid,  a  volatile  oil,  commonljr  known 
under  the  name  of  oil  of  turpentine,  floats  on  ihe  surface  of  the 
water  distilled  over,  turpentine,  a  juice  which  exudes  from 
pines,  larches,  and  other  trees,  when  the  inner  bark  is  cut 
through,  is  aocordingl  j  a  mixture  of  resin  and  oil  of  turpentine  ; 
the  latter  is  converted  by  heat,  simultaneously  with  the  water, 
into  steam,  and  on  cooling  is  again  tMmdensed  to  a  liquid. 
^kcperiment, — Distil  in  the  same  manner  half  an  oiinee  of 
v;^  QAA  eumm*seeds  (which  have 

^'^'  ^^^'  beea  previously  bruised  in 

a  mortar),  in  a  retort  con- 
taining four  ounces  of 
water,  until  two  ounces  of 
water  have  passed  over. 
The  drops  floating  upon 
the  water  are  likewise  a 
volatile  oHj  dl  of  cumin  ; 
they  have  the  smell  and 
taste  of  the  «umin-aeeds, 
but  in  a  e^roDger  degree,  while  the  residue  remaining  in  the 
veiort  has  scarcely  the  least  smell  or  taste  of  them.  All  vola- 
tile oils  possess  a  burning  taste,  and  are  somewhat  rough  to 
the  touch ;  but  tlw  fat  oils  have  a  mild  taste  and  an  unctuous 
feel. 

DIFFEBBHT  KIND8  OF  TOLATlIiE  OILS. 

552.  Whenever  we  perceive  an  odour  in  a  plant,  we  may 
presume  that  a  volatile  oil  is  present,  which  gradually  evapo- 
rates. But  how  inerediUy  diffused  and  diluted  this  must  be  in 
many  plants,  may  be  inferred  from  the  fact  that  scarcely  a 
quarter  of  an  ounce  of  volatile  oil  is  contained  in  one  hundred 
pounds  of  fresh  roses,  or  orange-flowers.  We  most  frequently 
find  the  volatile  oils  in  the  flowers  and  seeds,  sometimes  in  the 
stalks  and  leaves,  but  more  rax^y  in  the  roots.  They  are 
obtained  almost  in  the  same  way,  widK>ut  exception,  as  oil  of 
turpentine,  by  distilling  the  v^etaUe  parts  with  water.  The 
oils  procured  from  the  peel  of  certain  fruits,  as  the  lemon, 
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citron,  bergamot-pear,  &c.,  form  an  exception,  since  such  oils 
are  obtained  by  expression  from  the  fresh  rind. 

553.  Of  the  most  known  volatile  oils  we  obtun,— - 

a.)  From  the  flower : 

Oil  of  roses,  a  yellowish,  thick  flmd,  with  flakes  resembling 
tallow  floating  in  it. 

Oil  of  orange- fiotuers  (oL  neroU)^  colourless;  becomes  reddish 
on  exposure  to  the  light ;  contains  no  oxygen. 

Oil  of  chamomile,  a  dark  blue,  thick  Uquid ;  becomes  green, 
and  Anally  brown,  by  age  and  light. 

Oil  of  lavender,  a  yellowish,  thin  liquid. 

Oil  of  cloves,  yellowish,  soon  becomes  brown ;  a  somewhat 
thick  fluid,  heavier  than  water. 

b,)  From  seeds  and  fruits : 

Oil  of  cumin,  colourless ;  becomes  yellowish,  and  finally 
brown,  by  age. 

Oil  of  anise-seed,  yeWoMnAi ;  congeals  even  at  54°  F.  (12°  C.) 

Oil  of  fennel,  colourless  or  yellowbh ;  congeals  likewise 
readily. 

Oit  of  dill,  yellow ;  becomes  brown  in  the  light. 

Oil  of  nutmeg,  a  pale  yellow,  thin  liquid,  has  the  smell  of 
nutmegs. 

Oil  of  hitter  almonds,  yellow ;  heavier  than  water  ;  con- 
tains prussic  acid,  and  consequently  is  very  poisonous. 

Oil  of  mustard,  yellowish,  of  an  extremely  pungent  smeU, 
causing  lachrymation ;  contains   sulphur. 

Oil  of  juniper,  colourless;  contains  no  oxygen. 

Oil  of  savin,  colourless,  or  yellowish ;  a  thin  fluid ;  contains 
no  oxygen. 

Oil  of  parsley,  pale  yellow;  on  being  shaken  with  water, 
separates  into  a  light  volatile  oil,  and  into  a  heavy,  solid,  crys- 
talline oil. 

Oil  of  lemons,  from  lemon-peel,  contains  no  oxygen. 

Oil  of  orange-peel  likewise  contains  no  oxygen. 

Oil  of  bergamot,  from  the  rind  of  the  bergamot  orange,  a 
pale  yellow,  veiy  thin  liquid. 

c.)  From  the  leaves  and  branches : 

Oil  of  peppermint,  colourless  or  yellowish,  a  very  tlun 
liquid,  now  frequently  imported  from  America. 

Oil  of  balm,  pale  yellow,  has  an  odour  like  that  of  lemons. 

OU  of  marjoram,  yeUowish  or  brownish. 
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Oil  of  ihywjB^  when  fresh,  yellowish  or  greenish;  -when  old, 
hrownish-red. 

OH  of  sagcy  when  fresh,  yellowish  or  greenish ;  when  old, 
browmsn-red. 

Oil  of  wormwood,  dark  green ;  soon  becomes  brown  or 
yellow,  and  viscous  in  the  light. 

OH  of  rofeiftar^— colourless  and  very  thin — ^is,  next  to  the 
oil  of  turpentine,  tlie  cheapest  volatile  oil. 

Cajeput  oU,  from  the  leaves  of  a  tree  growing  in  the  Mo- 
luccas ;  the  oil,  when  pure,  is  colourless ;  the  crude  oil  is  com- 
monly green,  and  often  contains  camphor ;  it  has  a  camphorated 
odour. 

Oil  of  rucy  pale  yellow  or  greenish. 

Oil  of  cinnamon^  yellow ;  soon  becomes  brown  in  the  ur ; 
heavier  than  water. 

Oil  of  turpentine,  the  most  common  of  the  volatile  oils,  is 
contained  in  all  our  fir-trees,  and  exudes  from  them,  mixed  with 
resin,  as  turpentine.  (§  568.)  When  purified,  it  is  colourless 
and  thin,  and  has  an  agreeable,  penetrating  odour  ;  it  contains 
no  oxygen.  An  ordinaiy  sort,  possessing  a  disagreeable  empy- 
reumatic  odour,  obtained  in  the  preparation  of  pitch  from  pine 
resin,  is  cncde  oil  of  turpentine. 

Camphor  occurs  in  commerce  as  a  solid  white,  crystalline, 
odoriferous  mass,  prepared  by  distillation  with  water,  or  by 
sublimation  from  the  wood  of  the  camphor-tree,  growing  in 
Japan  and  the  East  Indies. 

d,)  From  roots : 

Oil  ofacortis,  yellow  or  browmsh. 

Oil  of  valerian,  pale  yellow  or  greenish ;  becomes  rapidly 
brown  and  viscous  on  exposure  to  the  air. 

It  is  very  remarkable,  that  we  sometimes  find  several  sorts  of 
oil  in  one  and  the  same  plant.  Thus,  for  example,  we  find  in 
the  orange-tree  three  different  kinds  of  oil ;  one  in  the  leaves, 
another  in  the  blossom,  and  a  third  in  the  rind  of  the  fruit. 

554.  Ferment  Oih, — Experiment — ^If  water  is  poured  on 
the  centaury-plant  (Erythrsea  centaurium),  and  it  is  left  in  a 
warm  place  until  fermentation  commences,  a  very  penetrating 
odour  is  evolved  from  the  leaves,  which  were  previously  scent- 
less; the  odour  proceeds  from  a  volatile  oil,  wmch  is  g^ierated 
during  the  fermentation.  In  a  similar  manner,  the  fresh,  scent- 
less leaves  of  the  tobacco-plant  obtain  the  well*known  nicotian 
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odour  by  the  so-called  sweating  process.  Oils  of  this  kind, 
which  may  be  generated  by  fermentation  from  many  other 
inodorous  plants,  are  called  ferment  oils. 

In  the  (ustilleries  there  b  evolved  also,  on  the  fermentation 
of  potatoes  and  grain,  a  disagreeably-smelling  oil  {fusel  oU)^ 
which  partly  distils  over  with  the  brandy  or  spirit,  and  imparts 
to  these  hquids  the  fusel  taste  and  smell.  On  filtering  through 
charcoal,  it  remains  behind  in  the  pores  of  the  latter. 

555.  Empyreumatic  Oils, — Finally,  oily  volatile  substances 
are  produced  by  the  dry  distillation  of  vegetable  and  animal 
matter;  for  instance,  oil  of  wood-tar  from  wood,  oil  of  coal-tar 
from  pit-coal,  animal  oil  from  bones,  oil  of  amber  from  amber, 
&c.  They  are  all  distinguished  by  an  exceedingly  disagreeable 
odour,  and  are  mixtures  of  various  volatile  substances.  They 
are  called  empyreumatic  oils. 

Mock  oil,  or  petroleum  (Trerpos,  rock),  is  of  a  similar  nature ; 
it  oozes  out  from  the  earth  in  many  places  in  Asia,  where  it  is 
formed  in  a  manner  as  yet  unknown  to  us.  The  red  colour  of 
the  oil  occurring  in  commerce  is  given  to  it  by  the  addition  of 
alkanet-root. 

PROXIMATE   CONSTITUENTS   OF  THE  VOLATILE  OILS. 

556.  All  these  oils  are  volatile  at  average  temperatures, 
except  camphor,  which  begins  to  melt  at  the  temperature  of 
347°  F.  (175°  C.)  ;  but  below  this  temperature  forms  a  white, 
solid,  crystalline  mass.  If  the  volatile  oils  are  cooled,  there  is 
frequently  separated  from  them  a  beautifully  crystallised,  solid, 
white,  camphor-Hke  substance,  which  has  been  called  stearop- 
tency  in  opposition  to  the  liquid  portions  that  remain,  which 

'  are  called  eleoptene.  Accordingly,  the  volatile  oils,  like  the 
fats,  consist  of  two  proximate  constituents,  one  of  which  may 
be  obtained  solid  and  crystallised,  but  the  other  only  as  a  liquid. 
Many  oils — ^for  instance,  the  oils  of  rose  and  anisese^d — are  so 
rich  in  stearoptene,  that,  when  kept  in  cool  cellars,  they  congeal 
into  a  nearly  solid  mass. 

ELEMENTARY  COifSTITTTENTS  OF  THE  VOLATILE  OILS. 

557.  The  volatile  oils  are  divided  into  three  clasi^s,  according 
to  the  elements  of  which  they  are  composed : 

a.)  Into  the  non-oxygenated  oils  (having  .two  elements); 
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these  consist  only  of  carbon  and  hydrogen  (C,  H),  so  that  they 
may  be  regarded  as  condensed  illuminating-gas.  To  this  class 
belong  rock-oil,  and  oils  of  turpentine,  juniper,  savin,  lemons, 
&c, 

b,)  Into  oxygenated  oils  (having  three  elements),  which,  be- 
side carbon  and  hydrogen^  contain  also  oxygen  (C,  H,  O); 
most  of  the  other  volatile  oils  have  this  constitution. 

c)  Into  sulphuretted  oils,  which  are  composed  of  carbon, 
hydrogen^  and  sulphur  (sometimes  with  and  sometimes  without 
nitrogen).  The  oils  of  this  class  are  distinguished  by  a  very 
pungent  smell,  causing  lachrymation,  and  by  a  great  acridity, 
raising  blisters  on  the  skin  when  brought  in  contact  with  it. 
The  oils  of  mustard,  horseradish,  scurvy-grass,  garlic,  hops,  &c., 
belong  to  this  class. 

Of  these  elements,  hydrogen  (as  regards  the  number  of 
atoms)  commonly  predominates ;  hence,  the  volatile  oils  are 
usually  reckoned  among  the  organic  substances  rich  in  hy- 
drogen* 

PROPEETEES  OP  THE  VOLATILE  OILS. 

558.  Experiment. — Pour  a  drop  of  some  volatile  oil  upon  a 
sheet  of  paper,  and  let  it  remain  exposed  to  the  air;  the  paper 
at  first  receives  an  apparent  grease-spot,  but  this  disappears 
after  a  time,  because  the  oil  gradually  evaporates.  The  name 
volatile  or  ethereal  oil  thus  explains  itself;  and  the  disappear- 
ance of  camphor,  on  being  ei^posed  to  the  air,  is  owing  to  this 
Tolatileness. 

If  the  oiled  paper  is  placed  upon  a  warm  stove,  evaporation 
takes  place  much  more  rapidly.  Aromatic  oils  are  employed 
in  this  way  for  perfuming  apartments.  Usually  a  quantity  of 
flowers,  woods,  and  barks,  finely  cut  up,  are  moistened  with  the 
oil,  and  scattered  as  ^fumigating  powder  upon  the  stove. 

559.  Experiment. — Heat  a  quarter  of  an  ounce  of  oil  of 
turpentine  in  a  vessel  to  boiling.  A  thermometer  introduced 
into  the  liquid  will  indicate  a  temperature  of  about  302°  F. 
(150°  C.) ;  oil  of  turpentine  accordingly  requires  half  as  much 
heat  again  for  boiling  as  water.  Other  oils  often  boil  with 
even  more  difficulty.  The  vapour  may  be  inflamed  by  a  taper, 
when  it  will  bum  with  an  intense  sooty  flame  ;  it  is  easily  ex- 
tinguished by  covering  the  vessel  with  a  board,  but  water  must 
on  no  account  be  employed  for  extinguishing  burning  oils. 
Then  remove  thfe  oil  from  the  fire ;  after  it  is  cold,  mix  it  with 
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some  water,  and  again  heat  it ;  as  long  as  any  water  is  ^pxeaead, 
the  temperature  of  the  fluid  will  not  rise  above  212^  F.  (1 W  C.j 
The  ascending  vapour  is  a  mixture  of  aeriform  water  and 
aeriform  oil.  The  same  thing  occurs  here  as  previously  men- 
tioned ;  the  less  volatile  oil  evi^rates  with  the  more  eaaly 
volatile  water.  The  oils  remain  unchanged  at  the  boiling  point 
of  water,  but  at  their  own  boiling  point,  from  284°  F.  (140°  C) 
to  392°  F.  (200°  C.\  they  become  not  unfreqnently  somewhat 
,  empyreumatic ;  this  is  the  reason  why  water  is  always  added 
in  die  preparation  of  oils,  and  also  in  the  redistillation  of  them 
(rectification), 

560.  Experiment, — Inflame  some  drops  of  oil  of  tarp^itiDe 
put  upon  a  shaving,  and  also  a  piece  of  camphw  laid  upcm 
water  ;  both  bodies  will  ignite,  and  bum  with  a  lughly  luminois 
and  sooty  flame.  The  volatile  oik  are  far  more  easily  combus- 
tible than  the  fat  oils,  which  in  order  to  bum  with  a  fllame  must 
be  heated  to  662°  F.  (350°  C.)  We  have  consequentljr  in  (ul 
of  turpentine  a  convenient  means  for  speedily  lightmg  <»1- 
lamps ;  it  being  merely  necessuy  to  smear  the  wiok  with  a  few 
drops  of  it. 

jExperiment. — Pour  a  mixture  of  half  on  ounce  of  absolute 
alcohol  with  half  a  drachm  of  oil  of  turpentine  into  a  s^rH- 
lamp  ;  the  mixture  gives,  when  lighted,  a  strongly  illuminating, 
but  no  longer  a  sooty  flame,  since  all  the  carbon  of  the  <h1  of 
turpentine  is  converted  by  the  heat  of  the  burning  alcohol, 
rich  in  hydrogen,  into  illuminating  gas,  and  then  into  carbonic 
acid  (and  water).  This  mixture  is  now  used  in  lamps  con- 
stracted  for  the  purpose,  ^d  which  are  so  made  that  tb^  liquid 
evaporates  in  them,  and  the  vapour  ignites  as  it  issues  from 
several  small  openings. 

561.  Volatile  Oils  and  Water, — Experiment, — ^Drop  some 
oil  of  cumin  upon  water ;  the  oil  floats  cm  the  sui&ce  with- 
out mixing  with  the  water,  for  most  of  the  volatile  oils  are  Ugkter 
than  water ;  but  there  are  some,  such  as  oil  of  cinnamon,  oil  of 
cloves,  and  oil  of  bitter  almonds,  which  are  heavier  than  water, 
and  sink  in  it. 

If  the  mixture  is  briskly  shaken,  the  water  beccnnes  toihid, 
because  the  oil  is  thus  divided  into  small,  invbible  globules^ 
which  are  kept  suspended  in  the  water.  The  water  may  be 
again  clarified  by  filtration,  but  it  retains  the  smell  and  taste  of 
the  oil,  since  a  small  quantity  of  it  remains  dissolved.     Mai^ 
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such  solutions  are  kept  in  the  i^tbecaries'  shops,  under  ihe 
name  of  medicated  or  distilled  waters.  It  is  well  to  keep  ^m 
protected  from  ^e  light,  and  in  full  yessels, — both  light  and  air 
Iiaying  a  decomposing  action  on  the  vdatile  oils.  They  are 
eommonlj  prepared  by  distilling  with  water  the  yegetable  sub- 
stance containing  the  oil,  as  thereby  a  more  intimate  combination 
<^  the  water  with  ^e  oil  is  ^ected  than  by  merely  shaking  it  up. 

562.  VckaOe  Oils  and  AlcokoL^Experiment, — ^Add  adrop 
of  oil  of  cumin  to  one  ounce  of  strong  alcohol ;  it  dissolves 
readily  and  entirely.  All  die  yolatile  oils  are  soluble  in  alcohol, 
most  of  them  eyen  in  alcohol  of  eighty  per  cent. ;  but  the  n<m- 
oxygenated  oils,  such  as  oil  <^  turpentine,  oil  of  lemons,  &c., 
only,  in  absolute  akx^ol.  If  an  ounce  <^  water,  in  which  half 
an  ounce  of  sugar  has  preyiously  been  dissolved,  is  added  to 
the  solution,  we  obtain  cumin-cordial.  In  this  manner,  by  the 
aid  of  yaiious  aromatic  oils,  the  innumerable  cordials  or  liquers 
oceanng  in  commerce  are  now  generally  prepared  (preparation 
of  cordials  in  the  c(^d  way).  They  were  formerly  manufiEuH;ured 
from  aromatic  seeds,  flowers,  herbs,  &c.,  by  pouring  bran^ 
oyer  them,  tiie  brandy  being  afterwards  distilled  or  drawn  off, 
y^reby  a  sjnrituous  solution  of  tiie  yolatile  oils  was  likewise 
obtained. 

JSxperimeni, — ^If  some  drops  of  oil  of  bergamot,  orange- 
flower,  lavender,  or  rosemary  are  dissolved  in  half  an  ounce  of 
strong  alooh(^  we  obtain  a  spirit  of  a  very  pleasant  odour.  In 
a  similar  way  the  inniunerable  kinds  of  perfumed  waters  are 
prepared,  at  tiie  head  of  which  stands  the  well-known  eau  de 
Cotogne.  The  fumigating  spirit  also,  which,  instead  of  the 
fumigating  powder,  is  oft^  sprinkled  on  a  warm  stove,  has  a 
similar  compositicHi.  Camphcnrated  spirit,  much  used  as  an 
external  remedy,  is  likewise  a  soluticm  of  camphor  in  alcohol. 

663.  The  yolatile  oils  are  not  only  dissolved  by  alcohol,  but 
also  by  ether  and  concentrated  acetic  acid.  A  solution  of  oil 
of  doves,  cinnamon,  bergamot,  and  th3rme,  in  acetic  acid,  is 
used  as  aromatic  vinegar^  an.  account  of  its  refreshing  odour. 

The  volatile  oils  may  also  be  mixed  with  fat  aUs,  and  with 
some  kinds  of  tallow  and  lard  ;  hence  by  means  of  them  an 
agreeable  odour  may  be  imparted  to  the  latter,  as,  for  instance, 
in  hair  oils,  pomatum,  &c.,  or  grease-spots  be  dissolved  and  re- 
moved by  tlMm  from  various  articles.  Volatile  oils  mixed  with 
aleohid  yield,  when  shaken  up  with  olive  oil,  a  turbid,  millnr 
liquid,  l>ecause  the  alcohol  does  not  dissolve  the  olive  oil ;  this 
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behaviour  may  be  taken  advantage  of  for  testing  the  purity  of 
mercantile  oils. 

564i,  Experiment — Rub  a  piece  of  sugar  for  some  time  on 
the  rind  of  a  &esh  lemon;  the  hard  sugar  tears  the  cells  in 
which  the  oil  of  lemons  is  enclosed,  and  the  oil  is  attracted  into 
the  pores  of  the  sugar.  This,  when  reduced  to  powder,  is  called 
oUo'Sacckarum,  Such  mixtures  are  commonly  prepared  in 
pharmacy  by  triturating  together  powdered  sugar  and  volatile 
oils. 

5Q6,  Experiment — If  you  add  some  drops  of  oil  of  turpen- 
tine to  iodine,  a  brisk  emission  of  sparks  ensues,  since  a  part  of 
the  hydrogen  is  expelled  and  replaced  by  the  iodine.  The 
same  phenomenon  is  occasioned  by  all  non-oxidised  oils,  but  not 
by  those  oxidised ;  therefore  iodine  may  serve  as  a  test,  although 
not  a  very  delicate  one,  for  ascertaining  whether  oils  of  ^e 
latter  class  have  been  adulterated  with  oil  of  turpentine. 

^6Q,  Conversion  of  the  Volatile  Oils  into  Resins. — Experi- 
ment.— Let  some  oil  of  turpentine  remain  exposed  to  the  air  for 
some  weeks,  in  a  cup  covered  with  paper,  and  afterwards  put 
the  cup  in  a  warm  place  to  evaporate  the  oil ;  it  will  not 
entirely  volatilise,  but  will  leave  at  first  a  viscous,  and  after- 
wards a  vitreous  residue.  This  residue  is  resin.  All  volatile 
oils  are  converted  into  resin,  because  they  gradually  absorb 
oxygen  from  the  air ;  whidi,  as  in  the  case  of  the  transfor- 
mation of  alcohol  into  vinegar,  first  combines  with  a  portion  of 
the  hydrogen  of  the  oil,  forming  water,  and'  then  unites  with 
the  oil  itself.  Alcohol,  on  exposure  to  the  air,  is  converted  by 
the  removal  of  hydrogen  into  aldehyde,  then  by  the  reception 
of  oxygen  into  acetic  acid  ;  the  volatile  oils  are,  in  a  similar 
manner,  first  converted  by  the  air  into  turpentine  (mixtures  of 
volatile  oils  and  resin),  and  then  into  resins.  Oil  of  turpentine 
consists  of  Cio  Hie;  resin,  of  Cio  His  O;  consequently  the 
former  has  only  to  give  up  one  atom  of  hydrogen,  and  receive 
one  atom  of  oxygen,  to  be  converted  into  resin.  This  explains 
veiy  simply  why  the  volatile  oils  become  gradually  viscous  and 
scentless  on  being  kept,  and  more  rapidly  in  large  and  only 
partially  filled  bottles  than  in  small  ones,  and  why  the  drops 
running  down  on  the  outside  of  the  bottles  dry  up  first  into  a 
sticky,  and  then  into  a  resinous  mass.  Old  oil  of  turpentine  is, 
for  this  reason,  not  suitable  for  removing  grease-spots  ;  it  dis- 
solves, indeed,  the  fat  or  resin  dried  into  the  material,  but 
leaves  behind  new  spots  of  resia  in;  their  place. 
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The  volatile  oils  are  very  rapidly  changed  hy  nitric  acid  into 
non-volatile  resinous  suhstances.  There  are  sometimes  simul- 
taneously formed,  in  this  case,  peculiar  organic  adds  ;  for 
example,  terehinthic  acid  from  oil  of  turpentine,  camphoric 
acid  from  camphor,  &c.  Many  such  acids  are  also  spontane- 
ously generated  together  with  resin,  by  long  standing  in  the 
air  ;  for  instance,  cinnamic  acid  in  the  oil  of  cinnamon  ;  or  are 
found  already  formed  in  the  volatile  oils ;  as,  for  instance, 
caryophyliic  acid  in  oil  of  cloves,  &c. 

567.  Metallic  arsenic  has  no  smell ;  neither  has  arsenious 
acid  (arsenic  combined  with  oxygen).  We  perceive  the  striking 
odour  like  that  of  garlic  only  at  the  very  moment  when  the 
arsenic  is  combining  with  the  oxygen.  The  same  thing  seems 
to  happen  with  regard  to  the  odour  of  volatile  oils,  so  that  we 
may  assume  that  the  odour  is  emitted  becatise  the  oils  are  com- 
bining with  the  oxygen  of  the  air,  and  while  they  are  combining. 
Fresh  oils,  and  those  distilled  with  exclusion  of  air,  and  old 
resinified  oils,  either  do  not  smell  at  all,  or  emit  quite  an  unusual 
odour. 


XL  RESINS  AND  GUM-RESINS  (Resinje  et  Gummi- 
resinje). 

568.  Turpentine  and  Balsams. — Whoever  has  been  in  a 
forest  of  fir  or  pine  trees  must  certainly  have  noticed  the  yellow, 
transparent  juice,  having  the  consistency  of  honey,  which 
exudes  from  these  trees,  and  he  may  perhaps  have  observed 
also  that  it  sticks  to  the  fingers,  and  cannot  be  washed  off  again 
by  mere  water.  This  juice  is  turpentine.  It  is  procured  in 
large  quantities  by  incisions  made  in  the  trees.  That  obtained 
from  Uie  European  fir-trees  is  turbid,  and  has  a  thick  consis- 
tency ;  it  is  called  common  turpentine  ;  but  Venice  turpentine 
is  the  more  transparent  and  more  fluid  sort,  which  is  prociu'ed 
from  larch-trees.  A  yet  finer  quality,  yielded  by  the  American 
mlver-fir,  is  called  Canada  balsam. 

The  term  balsam  is  applied  also  to  several  other  resinous 
vegetable  juices,  which  exude  from  some  tropical  trees,  or  are 
boiled  out  from  them.  The  best  known  are  the  yellowish 
balsam  of  copaiba,  an  important  medicine,  the  blackish-brown 
balsam  of  Peru,  and  the  bi-ownish-grey  balsam  of  storax 
(liquid  storax),  the  last  two  of  which  are  generally  used  for  fu- 
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migating,  on  account  <^  ihekr  agreeable  odour,  which  resembles 
that  of  yaailla. 

All  these  turpentines  and  balsams  are  to  be  regarded  as  solu- 
tions of  resin  in  volatile  mis,  into  which  two  constituents  they 
are  separated  when  distilled  with  water.  (§  551.)  The  same 
thing  happens  when  they  are  allowed  to  stand  for  some  idme  in 
an  open  vessel  in  a  warm  place,  except  that  in  this  case  the  oil 
volatilises,  and  diffuses  itscdf  in  the  air. 

569.  Preparation  of  the  Resins, — Experiment, — Spread  a 
little  turpentine  upon  a  board,  and  put  the  board  for  acnne 
time  near  a  heated  stove  ;  ihe  dl  of  turpentine  evaporate^  but 
the  resin  remains  behind  as  an  amorphous  brittle  mass.  In 
some  countries,  incisions  are  made  through  the  bark  of  fir-trees, 
and  the  turpentine  which  exudes  is  allowed  to  evaporate  on  the 
trees  themselves,  and  after  it  has  been  purified,  by  melting  and 
straining  through  a  colander,  from  the  woody  particles  adhenng 
to  it,  it  is  brought  into  market  under  the  name  of  rosiny  white 
pitchy  or  Burgimdy  pitch.  Large  quantities  of  such  resin  are 
now  exported  from  the  forests  of  America  (American  rosin). 
Two  different  operations  are  going  on  during  the  evaporation  of 
the  turpentine;  a  part  of  the  volatile  oil  existing  in  it  evaporates, 
and  occasions  the  peculiar  smell  of  the  pine  forests,  but  another 
part  attracts  oxygen  fix)m  the  air,  and  is  converted  into  resin. 
(§  6S6.) 

Resinous  juices,  which  harden  in  the  air,  forming  solid  resins, 
exude,  either  spontaneously  or  through  incisions  made  for  &e 
purpose,  not  only  from  our  fir-trees,  but  also  from  many  other 
trees  and  shrubs,  particularly  those  of  hot  climates.  Almost 
all  the  resins  occurring  in  commerce  are  procured  in  this 
manner. 

Eaperiment, — ^Resin  is  deposited  most  abundantly  in  those 
parts  of  the  trees  where  the  branches  join  the 
'^*  trunk ;  wood  impregnated  with  such  resin  is 

^  called  resinous  wood.  If  a  piece  of  resinous 
wood  is  lighted  at  the  upper  end,  and  held 
by  a  wire  in  an  oblique  position  over  a  basin 
of  water,  one  portion  of  the  resin  burns  up 
with  a  sooty  flame,  while  another  part  is 
melted  by  the  heat,  and  runs  down  into  the 
vessel  beneatk  Resin  is  not  soluble  in 
water;  hence  it  hardens  in  the  latter  with- 
out mixing  with  it.     In  this  manner — by 
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roasting^ — ^resins  may  be  prepared  from  man j  plants ;  but  Ae 
colour  of  the  resins  thus  prepared  is  usually  dark,  because  some 
of  the  resin  has  become  buml^  and  is  thereby  richer  in  carbon, 
according  to  the  general  law,  tiiat  hydrogen  is  always  burnt 
before  carbon. 

Experiment — Pour  strong  alcohol  upon  some  resinous  wood, 
and  let  it  remain  for  a  day  in  a  wm  place  ;  the  resin  is  dis- 
served, and  the  woody  fibre  remains  behind.  .  The  solution  is 
poured  into  eight  times  its  quantity  of  water,  which  is  hereby 
rendered  milky,  because  the  resin  is  precipitated,  but  in  such  a 
state  of  fine  division  that  it  floats  about  in  the  water  in  the  form 
of  small  ^obules.  If  this  milky  fluid  is  heated  to  the  boDing 
poinl^  the  resinous  particles  soften  and  unite  with  each  other  in 
small  lumps,  which  may  be  taken  out  and  pressed  together  in 
larger  masses.  This  is  a  third  method  of  extracting  resin  from 
vegetable  substances. 

DIFFEBSNT   SOBTS  OF   RESIN. 

570.  The  following  are  the  most  important  resins: 

PinC'Tesin  is  the  resin  of  our  pine-trees. 

Galipot  is  a  very  clear  yellowish-white  kind  of  pioe-resin, 
imported  from  France. 

Copal  is  of  a  yellowish-white  or  brown  colour,  and  very  hard ; 
it  comes  to  us  covered  with  sand  and  earth,  from  which  it  is 
imeA  by  washing  it  with  lye  and  by  scraping.  The  copal  of 
the  West  Indies  and  Aftica  has  a  smooth  surfrice,  but  that  of 
the  East  Indies  is  wrinkled  and  uneven.  It  is  insoluble  in 
ocmimon  alcohol,  but  it  partly  dissolves  in  absolute  alcohol,  and 
dissolves  entirely  in  ether ;  the  East  India  copal  dissolves  the 
most  readily. 

Dammara  resin  (Kauri  or  Cowdee)  is  colourless  or  yel- 
lovnsh,  tolerably  hard ;  comes  from  the  East  Indies. 

Mastic  is  yellowish,  transparent,  comes  in  rounded  tears,  and 
exudes  from  a  specnes  of  Pistacia,  a  tree  growing  prindpally  in 
Greece. 

Sandarachy  much  resembling  mastic,  but  yet  more  brittle,  is 
the  product  of  an  evergreen  tree  which  gprows  in  Africa. 

Lac  exudes  from  several  species  of  Ficus  growing  in  the 
East  Indies,  through  punctures  made  by  a  small  insect  called 
the  Coccus  lacca. 
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a.)  Stick' lac  is  the  name  given  to  the  juice  dried  upon  the 
twigs. 

b,^  Seed'lac,  when  it  is  hroken  off  from  the  twigs. 

c.)  Shell'lac,  when  it  is  melted  and  strained  through  a  cloth 
to  remove  impurities.  The  liquefied  resin  is  commonly  made 
to  drop  upon  large  leaves,  and  cooled  ;  it  thus  spreads  out  into 
thin  plates.  The  finest  shell-lac  has  an  orange  colour,  that  of 
inferior  quality  a  dark-hrown  colour.  It  is  very  hard  and  tena- 
cious, and  for  this  reason  is  generally  used  in  the  manufacture 
of  sealing-wax. 

Benzoin  flows  from  incisions  made  in  a  tree  of  the  Blast 
Indies;  The  resin  exuding  during  the  first  three  years  forms 
milk-white  gprains,  hut  that  formed  afterwards  is  yellow  or  brown. 
Both  sorts  are  kneaded  together;  hence  the  amygdaline  appear- 
ance of  the  common  benzoin.  Its  agreeable  odour,  somewhat 
like  that  of  vanilla,  has  rendered  it  a  popular  ingredient  in  fu- 
migating pastilles,  and  also  in  cosmetic  lotions  for  beautifying 
the  skin.     One  sixth  of  it  consists  of  benzoic  acid. 

Dragon^ 8'blood  is  a  brownish-red  coloured  resin ;  it  is  the 
produce  of  several  palm-trees  growing  in  the  East  Indies. 

Gtcaiacum,  a  brownish-green  resin,  and  also  an  olive-co- 
loured variety  of  the  same,  are  obtained  by  roasting  guaiacum- 
wood,  and  are  considerably  used  in  medicine. 

Besin  of  jalap  is  extracted  by  alcohol  from  jalap-roots. 

Many  other  resins  are  used  in  pharmacy,  for  instance,  anime, 
tacamahac,  elemi,  &c. 

571.  Bitumen. — Two  other  resins,  amber  and  &sphaltum, 
which  are  obtained  from  the  earth  or  from  the  sea,  remain  to 
be  mentioned. 

Amber  probably  proceeds  from  the  forests  of  a  primeval  affe, 
which  have  been  submerged  by  floods  of  water.  The  resms 
form  an  exception  to  the  general  rule, — ^they  do  not  putrefy  nor 
decay,  like  other  organic  bodies.  Amber-resin  might  accord- 
ingly remain  for  centuries  unchanged  in  the  earth,  or  in  the 
sea,  while  the  trees  from  which  it  exuded  were  changed  into 
mould  and  earth,  or,  chemically  speaking,  became  decomposed 
into  carbonic  acid,  water,  &c.  Amber  is  found  most  frequently 
in  the  Baltic  and  on  its  coasts,  and  in  many  brown-coal  mines. 
Its  hardness  and  tenacity  are  well  known,  since  it  is  formed  into 
various  articles  which  are  usually  manufactured  from  glass  or 
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horn.  It  differs  from  other  resias,  as  it  yields  on  fusion  sue- 
cinie  acid^  and  undergoes  a  change,  in  consequence  of  which 
it  then  hecomes  soluble  in  alcohol  and  oils,  which  scarcely  at- 
tack it  in  its  unmelt^d  state.  By  longer  fusion  it  becomes 
black,  and  is  then  called  amber-colophony;  it  yields,  at  the 
same  time,  a  very  disagreeably  smelling  empyreumatic  oil,  oil 
of  amber,  which  is  sometimes  used  in  medicine. 

Asphaltum,  or  pitch  of  Judcea^  is  hkewise  a  mineral  resin, 
which  is  found  in  many  of  the  seas  of  Asia,  particularly  in  the 
Dead  Sea.  It  has  a  black  colour,  and  great  similarity  to  the 
Mack  resin  which  is  obtained  by  the  evaporation  of  coal  tar 
(factitious  asphalttm).  Asphaltum  is  found  in  other  places, 
and  has  a  soft  consistency,  and  resembles  turpentine  (Barhadoes 
tar)  I  this  kind  has  in  later  times  been  mixed  with  sand  and 
lime  for  making  artificial  pavements  and  tiles.  It  is  very  pro- 
bable that  these  two  resins,  as  also  petroleum,  are  derived  from 
layers  of  pit-coal  which  have  been  heated  in  the  interior  of  the 
eiurth  by  volcanic  fires. 

572.  Similar  resinous  substances,  of  a  black  colour  and  dis- 
agreeable odour,  are  also  artificially  formed  whenever  animal 
and  vegetable  substances  are  heated  with  an  insufficient  supply 
q£  air,  especially  during  dry  distillation  of  the  same.  When 
in  a  fluid  form,  they  are  called  tar ;  in  a  solid  form,  black 
pitch, 

PROPERTIES  OF  RESIN. 

573.  It  was  stated,  when  speaking  of  amber,  that  resins  are 
substances  which  do  not  undergo  decay — indeed,  they  have  the 
power  to  protect  from  decomposition  other  bodies  which  very 
readily  pass  into  decay  or  putrefaction:  for  instance,  flesh.  On 
this  account  they  were  formerly  used  for  embalming  dead 
bodies,  which  are  now  found,  after  the  lapse  of  centuries,  dried 
to  mummies,  in  the  pyramids  of  Egypt 

574.  Resin  and  Prater. — The  resins  as  a  general  rule  are 
insoluble  in  water,  and  therefore  tasteless ;  but  some  of  them 
in  very  small  quantities  may  be  dissolved,  and  these  usually 
have  a  bitter  taste.  But  many  of  the  resins  which  occur  in 
commerce  contain  some  water  in  a  state  of  minute  division, 
and  are  thereby  rendered  dull  and  opaque  ;  common  pine-resin 
and  boiled  turpentine  furnish  examples  of  this. 

Colophony  or  Rosin, — Experiment, — Heat  a  piece  of  the 
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Fig.  211.  ^^  topentme  (§  551),  or   ebe 

some  pme-resm,  in  a  spooo,  tiU  au 

g^^^  the  water  is  evaporated;  the  Ofi- 

^^^^^^^   hydrous  resin  will  now  appear  per- 

^^^^^^^  £m^7  transparent.     In  this  state  h 

^^^f  is  cflikd  colophoTiy,  or  rotM,  beu^ 

^^V  ti^Atto  when  it  is  nM>deratel7  heated, 

^Jj^^  hut  brown  whoi  the  h^  is  so 

^^^^V^  strong  as  to  convert  a  part  of  tlie 

^^^^^m  resm  into  black  pitch.     Ckdophony 

^^^^^  is  so  brittle  that  it  may  easily  be 

reduced  to  a  powder.  When  the  bow  of  a  vk^  is  rubbed 
with  it,  the  rosin  powder  formed  remains  adherent  to  the  hairs^ 
and  these  then  again  adhere  better  to  ihe  strings  of  the  vioHn. 
A  similar  effect  is  produced  on  the  cords  which  sustain  the 
weights  in  clocks  when  they  are  rubbed  with  roean  to  prerent 
their  slipping.  The  redns,  accOTding^y,  exert  an  effect  con- 
trary to  that  of  oil ;  by  resin,  a  rough,  unevoi  sur£Ke  is  pro- 
duced ;  by  oil,  a  smooth,  slippery  surface. 

575.  Action  of  Heat  on  Resins, — The  experiment  first  per- 
formed reveals  at  the  same  time  another  property  (^  resin  f 
namely,  its  easy  fusibility.  Most  of  the  resins  require,  in 
order  to  become  fluid,  a  heat  which  is  somewhat  higher  than 
that  of  boiling  water.  If  melted  rosin  is  poured  upon  a  board, 
it  spreads,  and  forms  after  hardening  a  solid,  brilliant  coating 
on  the  wood.  The  resins  are  hereby  well  adapted  for  pro- 
tecting wood  or  metal  from  the  penetration  <^  air  or  water. 
For  this  reason,  iron  rails  and  iron  ornaments  are  cov^^  widi 
a  coating  of  pitch,  to  prevent  them  from  bmng  so  quickly 
oxidised  by  the  oxygen  of  the  air ;  for  the  same  reason,  aJsoiy 
wine-casks  and  beer-barrels  are  smeared  with  pitch,  that  no 
air  may  penetrate  into  the  casks,  and  that  no'  beer  may  pene- 
trate into  the  staves.  The  wood-work  of  ships,  the  hatches, 
&c.,  are  covered  with  tar,  to  keep  out  the  sea-water  and  rain  ; 
and  finally,  also,  the  solid  and  tenacious  resin,  ^U-lae,  is 
employed  in  die  form  of  seaUng-wax,  as  a  protectkm  against 
curiosity. 

Sealing-wax, — Experiment — Melt  together  in  a  small  ladle 
one-fourth  of  an  ounce  of  pale  shell-lac,  one  drachm  of  turpen- 
tine, one  drachm  c^  cinnabar,  and  three-fourths  of  a  drachm  of 
prepared  chalk  ;  scrape  out  the  mass  while  yet  soffc,  and  roll 
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it  oat  into  sticks  by  the  hands,  moistened  with  water.  The 
tnrpentiiie  renders  the  sealing-wax  more  inflammable,  and  the 
einnabar  imparts  to  it  the  £Eiyourite  red  colour.  Various  other 
eok>ura  are  given  to  it  by  chrome-yellow,  ultramarine,  Bruns- 
wick-green, lamp-black,  bronze-powder,  &c. 

576.  Rosm-gtu^ — Experiment. —  When  rosin  is  heated  aboye 
its  mating  point,  it  kmdles  and  bums  with  a  luminous  and 
looty  flame,  leaving  behind  some  charcoal.  Therefore  powdered 
Tonn,  when  blovm  into  the  flame  of  a  lamp,  burns  yiyidly.  In 
many  places  illuminating  gas  is  prepared  from  it,  by  letting  it 
drop  in  a  mdted  state  upon  coke,  which  is  heated  to  redness  in 
an  iron  cylindw  (rosin^gas). 

Burnt  Fitch. — If  the  rosin,  after  it  has  burnt  for  some  time, 
if  eztinguidied  by  putting  a  board  oyer  dt,  we  shall  haye  as  a 
reoduum  a  black,  burnt  resm,  ship-pitchy  and  cobbler^s  waXy 
possesong  great  tenacity. 

Lamp-blach. — Experiment. — If  you  hold  a  cone  made  of 
Uotting^paper  oyer  burning  pine-wood,  it  will  soon  become 
fined  wim  soot.  The  well-known  lamp-bkusk  is  prepared  on  a 
large  scale  by  a  similar  method.  Resinous  wood,  or  the  resin 
itM^  is  burnt  with  an  insufficient  supply  of  air  in  a  stoye  fur- 
nished wilih  long  flues,  or  with  a  chamber  in  which  the  smdce 
deposits  its  carbon  on  its  passage  throi]^;h. 

Experiment — ^^If  some  amber  is  scattered  on  glowing  char- 
coal, a  yapour  haying  a  pleasant  balsamic  odour  is  emitted  from 
it  as  it  smoulders  away.  Amber,  frankincense,  benzoin,  and 
mastic  are  on  tliis  account  frequently  used  for  fumigating  pur- 


577.  Electropharus. — Experiment. — ^Rub  a  stick  of  sealing- 
wax,  for  some  minutes  upon  a  piece  of  cloth,  and  then  approach 
it  to  some  small  shreds  of  blotting-paper ;  they  will  fly  up  to  the 
aealing-wax,  and  remain  adhering  to  it  for  some  tune.  This 
attraction  is  effected  by  electricity  (resinous  or  negative  electri- 
city), whidi  is  generated  in  the  resins  by  friction.  If  you  pour 
«  mixture  of  shell-lac  and  rosin  into  a  tin  plate  in  order  to  obtain 
a  larger  surface,  you  will  be  enabled  to  extract  the  electricity 
hoiCL  it  in  the  form  of  sparks,  and  to  collect  it ;  this  is  called  an 
electrophorus  (bearer  (rf  electricity).  This  mysterious  power 
has  received  the  name  of  electricity  from  rfX€KTpwy  the  Greek 
word  for  amber,  in  which  the  electrical  phenomena  were  6rst 
obeenred. 
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578.  Resin  and  Alcohol,  —  Experiment, — Wrap  half  an 
ounce  of  sandarach  in  paper,  and  break  it  with  a  hammer  into 
smaller  pieces ;  then  mix  it  with  a  drachm  of  sand,  which  has 
been  previously  freed  from  its  finer  particles  by  elutriation,  and 
afterwards  thoroughly  dried,  and  pour  the  mixture  into  a  glass 
vessel,  with  two  ounces  of  strong  alcohol.  Tie  a  piece  of  bladder 
over  the  vessel,  and  let  it  remain  for  several  days  in  a  warm 
place,  frequently  stirring  it  round.  The  dear  solution  of  resin 
thus  obtained  is  called  lac-varfiishy  because,  when  smeared  oyer 
metal,  wood,  or  paper,  it  leaves  behind,  after  the  alcohol  has 
evaporated,  a  varnished,  shining  coat.  If  alcohol  is  poured  upon 
the  sandarach,  unmixed  with  sand,  the  resinous  powaer  wiU  <^e 
together  on  the  bottom  of  the  vessel;  forming  a  tenacious  mass  of 
resin,  which  dissolves  much  more  slowly.  To  lacquer  or  varnish^ 
then,  is  to  coat  the  surface  of  anything  with  resin.  By  this  coat 
of  varnish,  articles  not  only  acquire  a  beautiful  brilliancy,  but  are 
rendered  at  the  same  time  impervious  to  air  and  water.  When 
paper  articles,  as  drawings,  maps,  &c.,  are  to  receive  a  coat  of 
varnish,  size  or  a  solution  of  gum  must  previously  be  spread 
over  them  several  times,  as  the  solution  of  resin  would  otherwise 
penetrate  into  the  fibres  of  the  paper,  and  render  it  grey  and 
transparent.  This  imbibition  is  usually  prevented  in  wooden 
articles  by  smearing  them  with  linseed  oil  before  putting  on  the 
varnish.  When  the  varnish  is  applied  on  places  that  are  wet, 
white  opaque  spots  are  formed,  because  the  resin  is  separated 
by  the  water  as  a  dull  white  powder. 

Experiment — Dissolve  half  an  ounce  of  shell-lac  in  strong 
alcohol;  a  turbid  liquid  is  obtained,  as  the  shell-lac  contains, 
besides  the  resin,  small  quantities  of  wax  and  mucilaginous 
substances,  which  float  about  undissolved  in  the  solution  of 
resin.  This  solution  is  also  employed  as  a  lao-vamish,  but 
much  more  frequently  as  the  so-called  French  polish  of  the 
cabinet-makers;  that  is,  as  a  solution  of  resin,  which  they  rub 
continuously  upon  the  wood  with  a  "ball  of  linen,  until  the  alco- 
hol has  evaporated.  By  this  means  a  still  smoother  and  finer 
polish  is  obtained  than  by  merely  applying  the  resinous  solution 
with  a  brush,  the  marks  of  which  frequently  remain  visible. 
The  finer  articles  of  furniture  are  usually  French  polished,  the 
more  common  ones  varnished. 

579.  Resins  and  Oils, — Experiment — Mix  half  an  ounce 
of  dammara  resin  with  some  sand,  and  pour  over  the  mixture 
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two  ounces  of  oil  of  turpentine;  after  a  few  days  you  will 
obtain  an  almost  complete  solution,  as  the  volatile  oils  are 
likewise  able  to  dissolve  resins.  These  solutions  are  also 
frequently  employed  as  lac-varnishes ;  they  dry,  indeed,  more 
slowly,  but  form  a  more  tenacious  coating, .  which  is  less  liable 
to  crack.  The  paler  and  finer  varieties  of  varnish  are  princi- 
pally prepared  from  amber,  copal,  dammara,  shell-lac,  sanda- 
racn,  and  mastic ;  the  inferior  and  darker  kinds,  from  amber- 
colophony,  common  colophony,  turpentine,  asphaltum,  &c/  A 
yellow  colour  is  sometimes  given  to  the  pale  varnishes  by  the 
addition  of  dragon's-blood,  or  gamboge. 

The  resins  are  likewise  soluble  in  fat  oils.  Many  of  the 
ointments  and  plasters  of  the  apothecaries,  consist  of  mixtures 
of  fats  and  resins,  and  it  is  the  latter  which  communicate  to  the 
former  the  property  of  adhering  to  the  skin.  Turpentine  is 
usually  employed  for  this  purpose. 

580.  Resin  Soap, — Experiment, — Boil  in  a  jug  a  quarter  of 
an  ounce  of  rosin,  with  one  ounce  of  strong  solution  of  potassa 
or  soda,  and  then  gradually  add  more  of  the  latter  by  spoon- 
fuls, until  a  sample  of  the  mixture  dissolves  in  hot  water,  form- 
ing a  clear  liquid.  The  mass  hardens,  on  cooling,  into  a  solid 
soap  (a  compound  of  the  resinous  acid  and  potassa,  or  soda). 
The  resins,  as  we  see,  comport  themselves  towards  strong  bases 
like  the  fatty  acids,  and  hence  have  an  extensive  application  in 
the  manufacture  of  soap,  being  mixed  with  the  fats  in  different 
proportions  in  the  manufacture  of  the  cheaper  kinds  of  soap. 

JEccperiment, — Mix  a  solution  of  rosin  soap  with  a  solution 
of  alum ;  an  insoluble  combinatio^  of  resinous  add  and  alumina 
is  formed.  Rosin  soap  is  employed  for  the  sizing  of  paper ;  it 
is  first  introduced  into  the  vat  containing  the  pulpy  mass  of 
which  the  paper  is  to  be  made,  and  then  the  solution  of  alum 
is  added. .  There  is  thus  formed  round  each  fibre  of  the  paper 
a  thin  layer  of  insoluble  alumina  soap  (resinous  acid  and 
alumina),  which  prevents  the  spreading  of  the  ink.  According 
to  the  old  method,  the  sheets  of  paper  were  passed  through  a 
solution  of  size,  whereby  only  a  thin  layer  of  size  was  formed 
on  the  surface  of  the  paper.  This  kind  of  paper  allows  the  ink 
to  spread,  when  the  coat  of  size  has  been  scraped  off  by  erasure; 
but  this  may  be  prevented  by  rubbing  some  resin — sandarach 
is  the  best — upon  the  spots  erased. 
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Resins  combine  with  bases,  and  their  solutions  redden  litmus- 
paper.     Aooordin^y,  they  may  be  regarded  as  cunals. 

581.  Composition  of  the  Besins. — Bj  alternate  treatment  of 
the  resins  with  cM  or  hot,  weak  or  strong  alcohol,  or  with 
ether,  Yarious  kinds  of  resin  may  be  extracted  m>m  most  of  them, 
which  have  been  designated  by  the  terms  alpha  (a),  beta  (/3), 
or  gamma  (y)  resins.  The  natural  renns  are  accordingly  to  be 
regarded  as  mixtures  of  several  simple  resins. 

Only  the  three  elements — carbon,  hydrogen,  and  oi^gen 
(C,  H,  O),  occur  in  the  resins.  That  they  contain  some- 
what more  oxygen,  and  less  hydrogen,  than  the  volatile  oils, 
has  already  been  stated  (§  566) ;  but,  nevertheless,  they  belong 
to  the  bodies  rich  in  hydrogen^  since  they  bum  with  a  strong 
flame. 

GUH-BESINS. 

582.  If  you  divide  the  stem  of  a  poppy,  lettuce,  or  celandine, 
a  white  or  yellow  juice  exudes,  which  dnes  up  in  the  air  or  by 
the  heat  of  the  sun,  forming  a  yellow  or  brown  amorphous 
mass.  This  milky  juice  consists  of  a  solution  of  gum,  intimately 
mixed  with  minute  drops  of  resin;  thus  it  forms  a  natural 
emulsion.  This  kind  of  dried,  half-resinous,  half-gummy  vege- 
table juice  is  called,  from  these  two  proximate  constituents, 
gunp-resin.  Many  plants  of  hot  climates  are  especially  rich  in 
such  resins,  and  from  them  are  principally  obtained  the  gum- 
resins  occurring  in  commerce,  which  have  various  applications, 
particularly  in  pharmacy.     Among  the  most  important  are, — 

Ammoniac  (gum  ammofiiac),  the  inspissated  milky  juice  of 
an  African  umbelliferous  plant;  it  has  a  yellowish  or  brown 
colour,  and  a  strong,  peculiar  smell  and  taste. 

AsafoOiday  the  juice  of  a  Persian  umbelliferous  plant,  having 
a  very  unpleasant  smell,  like  that  of  garlic ;  it  has  a  mUk- white 
appearance  when  freshly  broken,  but  quickly  changes  in  the  air 
and  light  into  a  pink  colour. 

Aloes  J  which  has  a  brown  or  black  colour,  and  is  exceedin^y 
bitter ;  it  is  the  dried  juice  of  the  aloe-plant,  which  grows  in 
great  abundance  on  the  Cape  of  Good  Hope  and  the  adjacent 
islands. 

Euphorbiumy  which  comes  in  brownish-yellow  tears  from  the 
African  plant  Euphorbia  Canariensis,  and  contains  a  very  acrid 
substance,  in  consequence  of  which  it  vesicates  the  skin,  and. 
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when  snuffed,  excites  inflammation  of  the  nostrils  and  the  most 
violent  sneezing. 

Galhanumy  a  yellowish  or  brownish  substance,  having  a 
strong  and  peculiar  odour ;  it  is  obtained  from  an  evergreen 
plant  of  Persia. 

Gamboge^  which  occurs  in  orauge-coloured  masses  or  sticks; 
it  is  obtained  from  the  leaves  of  an  East  Indian  plant,  and  is 
principally  used  as  a  yellow  water-colour  in  painting. 

Myrrh  ;  the  better  sorts  occur  in  pale  brownish-yellow  frag- 
ments, the  inferior  sorts  in  dark  brownish-red  pieces ;  it  has  a 
bitter  taste  and  a  balsamic  odour,  and  exudes  from  incisions 
made  in  a  tree  growing  in  Arabia. 

.  Frankincense  (oUbanum),  which  comes  in  yellowish-white, 
brittle,  roundish  fragments ;  the  juice,  inspissated  in  the  air,  is 
obtained  from  a  tree  in  Persia.  It  yields  an  agreeable  odour 
upon  glowing  coals,  and  hence  is  much  used  for  fumigating 
purposes. 

Optunif  a  milky  juice,  which  exudes  from  incisions  made  in 
the  heads  of  unripe  poppies,  and  is  dried  by  exposure  to  the  air; 
it  occurs  in  large  lumps  of  a  dark-brown  colour,  having  a  bitter 
taste  and  an  offensive  narcotic  odour.  The  soporific  effects  of  it 
are  well  known. 

Lactucartum,  of  a  brown  colour,  and  having  somewhat  the 
odour  of  opium  ;  it  is  the  inspissated  juice  of  several  kinds  of 
lettuce. 

Opaponax,  Sagapenum,  Scammonyy  and  many  others. 

PROPEBTIES  OF  THE  GUM-RESINS. 

583.  JExperiment — ^Triturate  some  one  of  the  gfum-resins 
with  water;  the  gum  is  hereby  dissolved,  and  a  turbid,  milky 
liquid  (emulsion)  is  obtained.  If  this  is  boiled  for  some  time,  the 
softened  particles  of  resin  cake  together,  and  separate  as  Imnps ; 
the  liquid,  having  become  dear,  contains  now  only  the  gmn  in 
solution. 

Experiment — If  strong  alcohol  is  poured  over  the  gum- 
resins,  and  they  are  digested  together  for  some  time,  the  resin 
only  is  dissolved,  while  the  gum  remains  undissolved.  The  well- 
known  tincture  of  myrrh  is  a  solution  in  alcohol  of  the  resinous 
part  contained  in  the  myrrh.  Most  of  the  gum-resins  con- 
tain, besides  resin  and  gum,  a  small  quantity  also  of  volatile  oils, 
to  which  they  owe  their  peculiar  odour. 

27 
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CAOUTCHOUC  (gum  ELASTIC). 

584.  There  exudes  from  several  large  South  American  trees, 
when  incisions  are  made  in  them  through  the  outer  and  inner 
hark,  a  milky  juice,  which  dries  in  the  air  into  a  white  elastic 
mass,  quite  insoluble  in  water  and  alcohol.  It  is  gum  elastic,  or 
caoutchouc  The  drying  proceeds  more  n^idly  when  the  milky 
juice  is  spread  upon  moulds  of  day  or  loam,  and  then  su^nded 
over  a  fire.  If,  after  the  gum  is  dry,  the  day  or  loam  is  removed 
by  washing,  hollow  articles  of  caoutchouc  are  obtained,  but 
which  have  a  grey  or  black  appearance  on  account  of  the  soot 
mixed  with  them. 

Experiment, — Caoutchouc  at   the  ordinary  temperature  is 

hard  and  stiff,  but  it  becomes  soflb  when  it 

'^'  is  put  into  hot  water  or  in  a  warm  oven. 

-[ -|| Cut  from  one  of  these  caoutchouc  bottles, 

^       f        ('       f      ^  softened  by  heat^  a  square  piece,  i^ply  it 
evenly  round  the  ends  of  two  glass  tubes, 
and  then  clip  off  with  a  psur  of  scissors  the  ends  of  the  strip  in 
the  direction  marked  out  in  the  annexed  figure :  the  fresh  sur- 
faces of  the  caoutchouc  adhere  firmly  to  each  other  (but  still 
F*    91ft  more  closely  when  they  are  pressed  toge- 

^^^*^^^^^^^  ther  with  the  nail,  yet  without  touching 
^■■HiHi^pB  ^  freshly  out  surfaces),  and  thus  is 
formed  a  tubes,  which,  firmly  tied  at  both 
ends,  connects  the  two  glass  tubes  air-tight  to  each  other.  In 
this  manner,  the  g^ass  tubes  occurring  in  chemical  apparatus  are 
made  pliant  and  flexible,  and  the  risk,  of  breaking  them  is 
thereby  diminished.  /at^vO^J^t^x  ,        . 

Experiment — Four  some-^^t^pasni  upon  a  few  pieces  of 
caoutchouc ;  the  caoutchouc  will  swell  up  in  it,  and  may  then 
be  triturated  into  a  uniform  mass.  When  melted  with  shell- 
lac,  the  mass  affords  a  v^  permanent  cement  for  wood,  stone, 
and  iron  (marine  glue).  k)^ 

Experiment, — If  ether,  oil  of  turpentine,  or  oil  of  coal?tar 
is  poured  upon  caoutchouc,  a  complete  solution  is  obtained. 
Solutions  of  this  kind  are  now  frequently  employed  for  render- 
ing fabrics  waterproof  {MacJdntosK),  When  strong;)^  heated 
with  linseed-oil,  caoutdiouc  forms  a  homogene<^i^:  tenacious, 
black  mass,  which  is  very  well  adapted  for  smearijig  shoe-leather. 

Experiment, — When  caoutchouc  is  hdd  in  a  Wming  caudle, 
it  takes  fire  and  bums  with  a  vivid,  sooty  flame,  like  petro- 
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leum  or  oil  of  torpentiiie,  and  melts  into  a  black,  glutinous 
Fendue.  This  melted  caoatchooc  is  Tery  serriceaUe  for  pre- 
Tenting  the  sticking  of  glass  stoppers  in  bottles,  in  which  lye, 
&c.,  is  kept;  the  stoppers,  when  coated  with  it,  remain  lubri- 
cous for  a  long  time. 

Caoutchouc  acquires  an  extremely  high  degree  of  elasticity 
by  intimately  mixing  it  with  sulphur,  or  sulphuret  of  arsenic 
{vulcanized  Indian  rubber). 

Caoutchouc  is  one  of  the  £bw  solid  bodies  which  contain  no 
oxygen;  it  consists  only  of  carbon  and  hydrogen,  so  that  it  may 
be  regarded,  as  it  were,  as  condensed  petr^eum,  or  as  condensed 
illuminating-gas. 

Gutta  Tercha* — Under  this  name,  within  a  short  time,  a 
'  substance  resembling  caoutdumc  has  occurred  in  commerce, 
whidi  is  procured  from  the  milky  juice  of  seyeral  East  Indian 
trees ;  it  has  the  adTantage  over  caoutchouc,  that  it  becomes 
quite  soft  and  plastic  by  moderate  heating,  but  hard  again 
on  cooling,  and  has  found  already  Tarious  applications  in  the 
arts. 

BBTBOaPEOT  07  THS  FATS,  VOLATILE  OILS,  AND  RESINS. 

1.  The  fats,  volatile  oils,  and  resins  are  among  the  very 
gvaenlly  diffused  substances  of  the  vegetable  kingdom ;  most 
of  them  comport  themselves  like  indifferent  bodies,  many  like 
feeble  acids. 

2.  As  ocearring  in  nature,  they  are  mixtures  of  several  simi- 
lar substances,  which  are, — 

a.)  The  fats ;  mixtures  of  solid  fats  (stearine,  margarine)  and 
of  fluid  fats  (oleine,  glycerine). 

h,)  The  volatile  oils ;  mixtures  of  solid  stearoptene  and  fluid 
oleoptene. 

c.)  The  renns;  mixtures  of  several  different  kinds  of  resin 
(alpha,  beta,  gamma  resins,  &c.). 

3.  As  reacts  tiieir  elementary  constitution,  they  consist  only 
of  the  three  elementary  substances,  carbon,  oxygen,  and  hy- 
drogen ;  but  they  are  always  poor  in  oxygen  and  rich  in 
hySrogen^     (Some  volatile  oils  contain  no  oxygen.) 

4.  On  account  of  the  excess  of  hydrogen, — 

a.)  They  bum,  when  ignited,  with  a  brisk  flame,  and  yield, 
on  decompositicm  by  a  red  heat,  much  combustible  gas. 
^.)  Most  of  them  are  so  light  that  they  float  upon  water. 
2f2 
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c.)  They  dissolve  only  in  liquids  which  are  likewise  ridi  in 
hydrogen  and  poor  in  oxygen  ;  for  instance,  in  alcohol  and 
ether,  hut  not  in  water. 

5.  They  are  either  liquid,  or  are  easily  rendered  so,  even 
when  gently  heated. 

6.  The  fats  of  animals  have  exactly  the  same  constitution 
as  the  vegetable  fats. 

7.  By  the  addition  of  oxygen  many  kinds  of  fat  become 
solid  and  hard  (varnish  oils),  others,  on  the  contrary,  become 
rancid  without  hardening  (unctuous  oils). 

8.  The  fats  are  resolved,  by  strong  inorganic  bases,  into  pe- 
culiar acids  insoluble  in  water  (fatty  acids),  and  into  an  organic 
base  (oxide  of  glyceryle).  The  separated  fatty  acids  hereby 
combine  chemically  with  the  inorganic  bases,  forming  soaps. 
The  alkalies  form,  with  the  fatty  acids,  soaps  which  are  soluble 
in  water;  the  oxides  of  the  earths  and  metals,  on  the  contrary, 
form  soaps  which  are  insoluble  in  water. 

9.  The  volatile  oils,  by  the  addition  of  oxygen,  pass  into 
resins ;  often,  also,  at  the  same  time,  into  acids. 

10.  The  resins  evince  no  great  affinity  for  oxygen ;  at  least 
they  do  not  alter,  however  long  they  may  be  exposed  to  the 
air. 

11.  Many  of  the  resins  combine  with  the  alkalies,  forming 
soaps  soluble  in  water;  with  the  earths  and  metallic  oxides,  ' 
forming  soaps  insoluble  in  water  (resinous  soaps). 

12.  Balsams  are  mixtures  of  resins  with  volatile  oils ;  gum-- 
resins  are  mixtures  of  resins  with  gum. 


XII.  EXTRACTIVE  MATTER. 
585.  JExtracts, — The  vegetable  substances  hitherto  consi- 
dered are,  if  we  except  the  volatile  oils  and  some  resins,  mostly 
without  taste  and  without  any  striking  medicinal  effect ;  most 
of  them  occur  very  generally  diffused  in  the  vegetable  kingdom, 
and  are  found  in  almost  all  vegetables.  But  we  observe  in 
many  plants  a  peculiar  taste,  and  when  swallowed  a  peculiar 
effect  upon  our  bodies;  consequently,  there  must  be  other 
special  substances  present,  from  which  the  taste  and  effect  pro- 
ceed.    Wormwood  and  rhubarb  have  a  bitter  taste,  pepper  and 
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henbane  a  pungent  and  sharp  taste,  the  roots  of  couch-grass 
and  of  liquorice  a  sweet  taste.  When  introduced  into  the 
stomach,  wormwood  is  stomachic,  rhubarb  purgative,  pepper  sti- 
mulating, henbane  narcotic,  &c.  Thede  and  similar  observations 
must,  even  at  an  early  period,  have  excited  the  attention  of 
man,  and  led  him  to  extract  the  sapid  and  medicinal  principles 
from  the  plants,  and  to  use  them  in  medicine.  This  extraction 
was  effected  in  a  simple  itianner — from  the  juicy  parts  of  the 
plants  by  expression;  from  the  drier  parts,  by  treating  them 
with  cold  water  (maceration),  or  with  hot  water  (infusion),  or 
by  boiling  them  with  water  (decoction).  As  the  vegetable 
juices  or  extracts  would  soon  become  sour  or  mouldy,  the  water 
is  evaporated  away ;  by  this  means  a  pulpy  or  pasty  mass,  or, 
on  more  complete  desiccation,  a  solid  amorphous  mass,  is  ob- 
tained, which  is  called  an  extract  (watery  extracts),  and  may  be 
kept  for  years  unchanged  and  undecomposed.  Sometimes,  in-  ' 
stead  of  water,  alcohol  or  ether  is  used  as  a  solvent  (alcoholic 
and  ethereal  extracts).  Many  of  these  extracts  are  always  kept 
by  the  apothecaries  as  medicines,  and  half  an  ounce  of  them  fre- 
quently contains  as  much  active  matter  as  one  pound,  or  even 
several  pounds,  of  the  vegetable  substance  from  which  they  were 
prepared. 

It  has  already  been  stated  that  most  of  the  vegetable  juices 
contain  sometimes  larger,  sometimes  smaller,  quantities  of  starch 
(sediment),  mucus,  gum,  sugar,  tannin,  chlorophyll,  vegetable 
albumen,  salts,  acids,  &c. ;  hence,  as  none  of  these  substances 
volatilise  on  evaporation,  they  must  also  be  present  in  the 
watery  extracts.  It  is  likewise  clear,  that' in  the  spirituous 
and  ethereal  extracts  all  those  substances  which  can  be  dis- 
solved from  the  vegetable  matters  acted  upon  by  either  al- 
cohol or  ether  must  be  present — for  example,  resins,  fets,  &c. 
The  extracts  may^  accordingly^  be  regarded  as  mixtures  of 
various  kinds  of  vegetable  matter^  as  mixtures  of  known  with 
unknown  vegetable  matter,  of  that  having  taste  with  that 
having  no  taste,  of  the  active  with  the  inert,  of  the  colourless 
with  the  coloured,  &c. 

586.  Extractive  Matter, — On  closer  examination  of  the 
vegetable  juices  or  extracts,  it  has  been  found  that  after  the 
known  substances,  such  as  starch,  sugar,  albumen,  &c.,  have 
been  removed  from  them,  a  brown  or  black  uncrystallisable, 
soluble  masa  remains  behind,  which  generally  possesses  in  a 
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mater  degree  the  taste  and  the  medieiDal  effect  of  the  plant 
from  which  it  has  been  extracted.  This  mass  is  called  eay 
tr€U!twe  mattery  and  \&  distinguished  aooordiug  to  its  pro- 
perties : — hitter  (in  womwood,  buckbean,  alo^  colocynth, 
&c),  aromatic  bitter  (in  the  root  of  the  sweet-flag,  in 
hops,  &c.),  €U!rid  (in  senega-root,  soapwort,  &c.),  sweet  Qu 
liquorioe-root,  root  of  couch-grass,  &c.),  narcotic  (in  hemlock^ 
henbane,  ^.).  The  name  was  obviously  a  very  conrenient 
one,  since  it  applied  to  all  the  innumerable  vegetable  substances 
not  thoroughly  examined,  which  possessed  a  dark  colour  and 
did  not  crystallise,  however  different  might  be  their  chemical 
constitution.  How  great  this  difference  may  be  we  infer  &om 
this,  tiiat  most  vegetable  substances,  for  instance,  sugar  and 
gum,  when  they  are  b(Hled  for  a  long  time,  or  merely  ex- 
posed to  the  air,  are  converted  into  brown,  uncrystallisable 
compounds. 

587.  The  reason  why  all  extracts  have  a  brown  or  a  black 
colour  is  to  be  sought  for  in  this  ready  changeableness  of 
vegetable  matter. 

Mxperiment — Pour  upon  some  ounces  of  sliced  Uquorice-root 
six  times  the  quantity  of  boiling  water,  and,  after  it  has  stood 
for  some  days,  express  the  liquid ;  when  this  has  been  filtered 
through  bloUing-paper,  it  is  clear,  transparent,  and  of  a  sherry- 
wine  colour.  Upon  evaporation,  we  obtain  from  it  a  black 
extract,  the  well-known  Spanish  liquorice,  which,  when  redis- 
solved  in  water,  no  kmger  yields  a  yellowish,  but  a  dark-brown 
liquid.  Not  only  the  colour,  but  the  taste  also,  has  perceptibly 
changed.  Both  changes  clearly  show,  that  diuing  the  evapo- 
ration a  chemical  decomposition  of  the  dissolved  matter  has 
taken  place.  It  is  very  similar  to  that  which  happens  during 
the  putrefaction  or  slow  oxidation  of  wood ;  namely,  oxygen  is 
absorbed  i^m  the  air,  and  some  hydrogen  and  carbon  are 
hereby  oxidised  into  water  and  carbonic  acid,  whereby  sub- 
stances similar  to  humus,  richer  in  carbon,  and  consequently 
darker-coloured,  are  formed.  These  are  in  part  dissolved  in 
the  water,  and  cause  the  dark  colour  of  the  liquid ;  but  they 
are  in  part  no  longer  soluble,  and  therefore  separate  from  the 
solution  as  a  dark-coloured  sediment.  This  sediment  has  been 
designated  by  the  likewise  very  indefinite  term,  oxidised  eX' 
tractive  matter.  From  this  it  results  as  a  general  rule  in  the 
preparation  of  extracts,  that  the  evaporation  of  the  vegetable 


SXTSJLOTIYB  ICATTEB.  455 

juices  should  be  conducted,  if  possible,  with  exclusion  of  air> 
and  at  a  gentle  heat ;  it  is  best  done  over  the  water-bath. 

588.  Crystallisahte  Extractive  Matter, — In  modem  times, 
several  of  these  peculiar  substances  have  been  obtained  in  a 
crystalline  form,  consequently  as  definite  and  independent  com- 
pounds. Many  of  these  behave  very  much  like  the  inorganic 
bases  (potassa,  soda,  ammonia,  &c.) ;  that  is,  they  are  able  to 
neutraUse  acids  and  to  form  salts  with  them :  these  are  the 
organic  bases.  (§  596.)  Others,  on  the  contrary,  possess 
neither  basic  nor  acid  properties, — ^they  are  indifferent^  and 
may  be  called  crystallisahle  extractive  substances,  at  least 
until  their  chemical  behaviour  shall  have  been  more  accurately 
ascertained  by  further  investi8;ations.  As  yet,  too  little  is 
known  about  them  to  enable  us  to  express  any  decided  opinion 
concerning  them.  The  number  of  plants  now  known  exceeds 
a  hundred  thousand,  and  it  is  not  improbable  that  peculiar  ex- 
tractive matters  are  to  be  found  in  most  of  them ;  consequently 
they  present  a  fine  field  for  new  discoveries.  After  what  hais 
been  said,  we  may  include  under  the  term  extractive  matter  all 
sorts  of  chemical  substances  of  indifferent  crystallisahle,  and  of 
indifferent  brown,  uncrystallisab}e  matter,  to  which  in  most 
cases  we  ascribe  the  peculiar  taste  and  the  peculiar  medicinal 
effects  of  plants.  Most  of  them  are  characterised  by  a  bitter 
taste,  and  hence  are  frequently  called  bitter  substances.  Some 
of  them,  namely,  those  which  are  insoluble  in  water,  do  not 
evince  the  taste  peculiar  to  them  until  they  are  dissolved  in 
some  other  liquid,  f6r  instance,  in  alcohol  or  ether. 

589.  The  best  known  of  these  peculiar  substances  will  now 
be  briefly  referred  to.  Their  names  (as  also  the  names  of 
colouring  matters  and  of  the  organic  bases)  are  usually  formed 
from  the  Latin  names  of  the  plants,  with  the  addition  of  the 
affix  in  or  ine, 

Absinthine,  from  wormwood,  very  bitter ;  a  colourless  crys- 
talline mass. 

Amygdaline,  from  the  bitter  almonds,  slightly  bitter,  crystal- 
lises in  lustrous  silky  scales ;  it  has  the  very  remarkable  pro- 
perty of  being  converted  into  a  volatile  oil  containing  prussic 
acid  (oil  of  bitter  almonds)  when  it  is  mixed  with  di^lved 
vegetable  albumen. 

Centaurine,  from  the  Chironia  centaurium,  bitter ;  as  yet 
only  known  as  an  extract. 
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Cetrarine,  from  Iceland  moss,  bitter ;  a  white  powder. 

Columbine^  from  colmnbo-root,  very  bitter,  crystallises  in 
white  prisms. 

Gefitianine,  from  gentian-root,  very  bitter,  crystallises  in 
yellow  needles. 

Imperatorine^  from  masterwort,  very  acrid  and  burning ;  in 
white  crystals. 

Lupuliney  from  hops,  an  agreeable  bitter ;  a  white  or  yel- 
lowish powder. 

Meconine,  from  opimn  (poppy-juice),  acrid  to  the  taste ;  in 
white  crystals. 

Picrotoxinej  from  the  seeds  of  the  Cocculus  Indicus,  very 
bitter,  narcotic,  and  poisonous ;  in  white  needles. 

Quassine,  frx)m  the  wood  of  the  quassia,  very  bitter ;  in  white 
crystals. 

Saniontne,  from  worm-seed,  bitter,  in  white  crystals. 
^     Scillitine,  from  squill,  nauseously  bitter  ;  a  wmte  amorphous 
mass. 

Senegtne,  from  senega-root,  acrid  and  pungent;  a  white 
powder. 

Glycyrrhizine^  from  liquorice-root,  very  sweet;  a  pale-brown 
amorphous  mass. 

Populine,  from  the  leaves  and  bark  of  the  poplar,  sweet ; 
crystallisable  in  white  needles. 


Asparctgtne,  from  asparagus,  having  an  insipid  taste ;  in 
white  crystals. 

Smilacine,  from  the  root  of  the  sarsaparilla,  tasteless ;  in 
white  crystals. 

By  far  the  greater  proportion  of  these  substances  consist  of 
the  three  elements,  carbon,  hydrogen^  and  oxygen ;  some  few 
only  contain  also  a  little  nitrogen. 


XIII.    COLOURING  MATTER,  OR  DYES. 

590.  When  the  peculiar  substances  which  have  been  treated 

of  in  the  previous  section,  under  the  name  of  extractive  matters, 

are  themselves  coloured,  or  become  so  by  the  action  of  other 

substances,  they  are  called  colouring  matter^  or  dyes.    Most  of 
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those  colours  whose  inimitahle  splendour  and  variety  we  admire 
in  the  flowers  of  plants,  are  so  exceedingly  evanescent,  that  they 
fade  or  disappear  on  withering  or  drying,  and  very  rapidly, 
especially  when  they  are  exposed  at  the  same  time  to  the  sun- 
shine. The  same  happens  when  we  attempt  to  extract  or 
separate  the  colouring  matter  hy  expression,  or  in  some  other 
way.  A  few  plants  only  contain,  sometimes  in  the  roots  or 
the  wood,  sometimes  in  the  leaves  or  fruit,  colouring  juices  of 
such  permanencnr  that  they  are  more  difficultly  and  slowly  de- 
composed hy  the  light;  these  may  be  extracted,  and  then 
employed  for  colouring  other  substances.  These  colours,  how- 
ever, are  turned  white  by  chlorine  or  sulphurous  acid  (bleached). 
Their  extraction  may  be  effected  in  most  cases  by  water,  some- 
times also  by  alcohol  or  other  liquids.  As  some  extractive 
substances  in  the  former  section  have  been  obtained  in  a  crys- 
talline form,  so  also  cn'stallised  colouring  substances  have  been 
separated  from  coloured  extractive  matter ;  but  other  colouring 
principles,  on  the  contrary,  are  only  known  in  the  form  of 
extracts.  The  names  which  have  been  given  to  these  colouring 
substances  likewise  terminate  in  tne,  and  are  included  in  paren- 
theses in  the  following  list  of  the  most  important  vegetable 
colouring  matters. 

591.    Red  and  Violet  Colouring  Substances, 

a.)  Madder  is  the  gp*ound  root  of  the  Rubia  tinctorum. 
The  fresh  root  looks  -yellow,  but  when  exposed  to  the  air  it 
becomes  red,  owing  to  the  absorption  of  oxygen,  and  yields  a 
superior  permanent  or  fast  red  colour  in  dyeing,  for  instance, 
the  brilliant  Turkey-red ;  also  beautiful  lake  colours,  such  as 
madder-lake.  (Colouring  matter,  AUzaftnef  or  madder-red, 
crystallises  in  yellowish-red  needles,  soluble  in  boiling  water.) 
Madder  contains,  moreover,  a  yellow,  an  orange,  and  a  brown 
colouring  matter. 

b.)  BrazU'WOod  (Fernambuca),  from  the  heart- wood  of 
several  trees  growing  in  South  America,  imparts  to  different 
materials  a  beautifril,  but  not  very  permanent  (not  fast)  red 
colour.  It  IS  employed  also  in  the  preparation  of  red  ink,  of 
drop-lake,  &c.  (Colouring  matter,  Braziline,  crystallises  in 
orange-coloured  needles,  easily  soluble  in  water.) 

c.)  Safflowerf  the  flowers  of  the  dyer's  saflron,  are  used  for 
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obtammg  a  brilliant  lose-colour  (for  pink-samsera).  (Colomiiig 
matter,  Carthamine^  soluble  in  water.) 

d,)  The  alkanet'TVot  contains  in  its  baik  a reonons  colouring 
matter,  which  is  consequently  not  soluble  in  water ;  cloth  is 
dyed  violet  with  it,  but  alcohol,  oils  (as  petroleum),  and  fftts 
(as  lip*salye),  are  coloured  pink  with  it. 

e.)  Sandal-wood  (red  saiulers-wood),  the  rasped  blood-red 
wood  of  a  tree  growing  in  the  East  Indies,  contains  likewise  a 
red,  resinous  colouring  matter  {SantaMne). 

y.)  The  red  dyes  occurring  in  msjay  jruits,  as,  for  instance, 
dierries,  raspberries,  &c,  are  but  slightly  durable,  and  cmly  used 
for  colouring  confectionery,  cordials,  6ce. 

g.)  Cochineal  is  a  dried  insect,  which  is  brought  to  us  horn 
Mexico.  The  well-known  red  carmine  is  obtuned  from  it,  and 
in  dyeing  establishments  a  very  brilliant  scarlet  and  purple  red 
is  prepared  firom  it.  {CochineaUred^  reddish-purple^  crystalline 
grains.) 

A.)  LaC'lake,  or  lac-dye^  is  a  reddish-black,  resinous  mass, 
whidi  is  obtained  in  the  preparation  of  shell-lac  (§  570);  it  con- 
tains a  red  colouring  matter  very  similar  to  cochmeal-red. 

592.    Yellow  Colouring  Substances, 

a.)  Fustic  is  the  rasped  trunk- wood  of  a  mulberry-tree 
growing  in  the  West  Indies.  (^Morine^  crystallises  in  yellow 
needles,  soluble  in  water.) 

b.)  Quercitron,  a  nankeen-yellow  powder,  inixed  with  fibrous 
fragments,  is  obtained  from  the  bark  of  the  black  oak,  a  tree  of 
North  America.  {Quercitrine,  a  yellow  powder,  soluble  in 
water.) 

c.)  Buchthomy  Persian^  or  yeUow  berrieSy  the  fruit  of  the 
buckthorn,  growing  in  warm  countries,  and  gathered  before 
they  are  ripe.  (Colouring  matter  only  known  as  an  extract, 
soluble  in  water.) 

d,)  Weld  And  dyer's  weed  are  the  names  given  to  the  Reseda 
luteola,  dried  aft;er  it  has  done  blooming.  (^Luteoline,  crystal- 
lises in  yellow  needles,  soluble  in  water^ 

The  four  last-mentioned  colouring  substances  are  principally 
used  for  dyeing  silk,  wool,  cotton,  and  other  materials,  yellow. 

e,)  Annotto,  orleana,  occurs  as  a  brownish- red  paste,  which 
is  prepared  from  the  pulp  surrounding  the  seeds  of  the  Bixa 
Orellana,  and  contains  two  colouring  principles,  a  yellow  and  a 
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red.  The  former  is  dissolved  when  the  annotto  is  hoiled  with 
water,  the  latter  on  boiling  it  with  a  weak  lye.     (OreUine,) 

/V)  Turmeric^  the  root  of  a  plant  growing  in  the  East 
Indies,  is  very  rich  in  a  resinous  yellow  dye,  which  is  coloured 
brownish-red  by  alkalies.  Paper  stained  with  it  msi,y  therefore 
be  used  like  red  litmus-paper  for  detectiug  alkalies.  (  Curcummey 
au  araorj^oos  yellow  mass.) 

ff.)  Saffron  consists  of  the  dried  stigmas  of  the  flowers  of  the 
Crocus  sativus.  Its  application,  in  colouring  articles  of  food 
and  cordials  yellow,  is  well  enough  known.    \Polychroite,) 

593.  Green  Colouring  Substcmcea, 
The  green  matter  of  leaves  (chlorophyll)  is  one  of  the  most 
widely  diffused  substances  in  the  vegetable  kingdom,  since  it 
occurs  in  aU  parts  of  the  plants  which  possess  a  green  colour. 
As  found  in  plants,  it  is  a  mixture  of  wax  and  of  several  co- 
louring matters  not  well  known.  It  need  hardly  be  said,  that 
it  is  not  soluble  in  water;  for  if  it  were,  the  water  would 
become  green  on  flowing  over'  meadows.  The  expressed  juices 
of  the  herbs  are  indeed  green,  but  it  is  obvious  from  their 
turbidness  that  the  green  matter  is  only  mechanically  mixed  with 
the  liquid.  We  become  still  more  fully  convinced  of  this  by 
the  separation  of  the  colouring  matter  wnich  takes  place  when 
the  juices  are  boiled,  or  allowed  to  remain  for  some  time  in 
repose.  •  If,  on  the  other  hand,  alcohol,  ether,  or  weak  lye,  is 
poured  on  the  green  leaves,  we  obtain  green  solutions  ;  hence 
all  the  tinctures  of  pharmacy  which  are  prepared  from  leaves  or 
stalks  have  a  green  colour.  The  green  colour  appears  only  in 
those  parts  of  the  plant  which  are  exposed  to  the  light ;  it 
is  obvious  from  this,  that  the  chemical  compound  which  we  call 
diloro{^yll  is  only  generated  with  the  co-operation  of  light. 
When  separated  from  plants,  this  colouring  matter  is  very  soon 
decomposed  ;  it  is,  therefore,  not  at  all  suited  for  a  colouring 
substance,  except,  perhaps,  for  cordials  and  other  liquids.  In 
the  autumn  it  is  converted  in  the  leaves  themselves  into  leaf- 
yellow  and  leaf-red,  probably  by  a  process  of  oxidation. 

Sap-green  is  an  extract  prepared  &om  the  juice  of  buckthorn 
berries,  by  the  addition  of  alum. 

594.  Blue  Colouring  Substances, 
Adigo. — Several  plants  of  hot  climates  contain  a  colourless 
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juice,  from  which,  after  standing  in  the  air  and  abstracting 
oxygen  from  it-,  a  blue  sediment  is  deposited,  that,  when  dried, 
forms  the  well-known  indigo.  This  substance,  very  important 
to  science  and  the  arts,  usually  occurs  in  commerce  in  deep  blue, 
friable  cakes,  which  exhibit,  when  rubbed  by  the  nail,  a  coppery 
colour  and  lustre.  Its  brilliant  blue  colouring  matter  is  c^ed 
indigo  blue ;  but  besides  this,  the  crude  indigo  contains  other 
foreign  substances,  such  as  indigo-gluten,  indigo-brown,  indigo- 
red. 

Indigo  is  quite  insoluble  in  water,  alcohol,  ether,  &c.;  there 
is  only  one  liquid  known  which  can  dissolve  it,  fuming  sulphuric 
acid.  (§  170.)  The  indigo-blue  chemically  combines  with  the 
sulphuric  acid,  forming  a  blue  compound  soluble  iu  water,  which 
is  called  sulphindigotic  add.  What  we  call  tincture  of  indigo 
is  principally  a  mixture  of  water,  sulphindigotic  acid,  and  free 
sulphuric  acid. 

The  sulphindigotic  acid  combines  like  a  simple  acid  with 
bases,  forming  salts.  The  best  known  of  these  salts  is  sulphifi' 
digotafe  ofpotassa  (blue  carmine),  which  is  obtained  as  a  deep 
blue  precipitate  when  the  sulphindigotic  acid  is  neutralised  by 
potassa.  The  blue  carmine  is  indeed  soluble  in  pure  water,  but 
not  in  water  containing  a  salt  in  solution. 

Deoandation  of  Indigo. — We  can  also,  but  in  a  very  different 
way,  render  indigo  soluble,  by  mixing  it  with  bodies  which  have 
a  very  great  afl&nity  for  oxygen ;  for  instance,  with  protoxide  of 
iron,  protoxide  of  tin,  &c. 

Eocperiment — Triturate  half  a  drachm  of  finely  powdered 
indigo,  with  half  a  drachm  of  green  vitriol,  and  one  drachm  and 
a  half  of  slaked  lime ;  shake  up  the  mixture  in  a  four-ounce 
bottle;  then,  having  filled  the  bottle  with  water  and  closed  it 
tightly,  let  it  stand  for  several  days  ;  the  indigo  gradually  loses 
its  blue  colour,  and  dissolves  into  a  clear  yellowish  liquid.  The 
body  which  effects  the  decolouration  is  the  protoxide  of  iron, 
which  is  separated  by  means  of  the  lime  from  the  green  vitriol. 
This  attracts  oxygen  from  the  indigo,  whereby  the  latter  be- 
comes colourless  and  soluble  in  lime-water  (reduced  indigo)  •  As 
soon  as  the  clear  liquid  is  exposed  to  the  air,  it  again  attracts 
oxygen,  and  becomes  blue.  If  you  saturate  a  piece  of  blotting- 
paper  with  the  liquid,  and  then  dry  it  in  the  air,  it  first  becomes 
green,  and  then  blue,  and  the  blue  colour  formed  adheres  quite 
firmly,  since  it  has  not  only  settled  upon  but  in  the  fibres  of  the 
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paper.  In  dyeiqg  establishments,  such  a  solution  of  indigo  is 
called  the  cold  vat,  A  third  method  of  rendering  indigo 
soluble  is  by  adding  it,  together  with  hot  water,  to  a  mixture  of 
bran,  woad,  madder,  &c.,  which  (carbonate  of  potassa  and  lime 
being  present)  passes  into  fermentation.  The  fermentation  is 
partly  acid,  and  partly  putrefactive ;  in  both  processes  oxygen 
is  required,  which  is  in  part  taken  from  the  indigo.  The  deoxi- 
dised, colourless  indigo  dissolves  in  the  alkaline  liquid  (warm 
vat).  By  treating  indigo  with  bodies  which  readily  part  with 
oxygen,  for  instance,  with  nitric  acid,  chromic  acid,  &c.,  we 
have  in  modem  times  become  acquainted  with  some  very  in- 
teresting products  of  oxidation  (isatine,  isatinic  acid,  anilic  acid, 
picric  acid,  &c.). 

Woad  is  a  European  plant,  which  likewise  contains  indigo, 
but  in  far  less  quantities  than  the  foreign  indigo  plants. 

Logwoody  or  Campeaehy'wood^  the  reddish-brown  interior 
wood  of  a  tree  of  tropical  America,  is  one  of  the  most  common 
colouring  matters  for  dyeing  blue,  violet,  and  black.  (Hcema- 
toxyline^  in  yellowish  crystals,  which  become  speedily  violet  and 
blue  in  the  air,  owing  to  the  ammonia  always  contained  in  the 
latter.) 

ArchiL — Several  species  of  lichens,  growing  on  the  rocks  in 
England  and  France,  contain  peculiar  substances  {orcine^ 
erythrine^  &c.),  which,  although  in  themselves  colourless,  ac- 
quire a  beautiful  purple-red  colour  when  they  are  acted  upon 
by  ammonia.  Jt  is  common  to  putrefy  the  bruised  lichens 
with  urine,  and  then  a  red  or  violet-coloured  paste  is  obtained 
{cudbear^  persio,  orchil).  By  the  addition  of  lime  or  potassa, 
this  red  is  changed  into  blue  (litmus).  We  have  examples  of 
both  these  colouring  matters  in  red  and  blue  test-paper. 

595.  JExperiments  toith  Colouring  Substcmces, 
Experiment  a, — ^Take  up  some  sandal-wood  on  the  point  of 
a  knife  and  put  it  on  a  filter,  and  pour  over  it  some  alcohol; 
the  alcohol  which  passes  through  has  a  red  colour,  and,  when 
poured  upon  a  piece  of  wood,  imparts  to  it  an  intense  blood-red 
colour.  Cabinet-makers  frequently  employ  this  solution  for 
staining  furniture.  Alcohol  acquires  a  pink  colour  when  a 
small  piece  of  alkanet-root  is  put  into  it.  Water  will  not 
extract  a  red  dye  from  either  of  these  substaqces.      Those 
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colooring  matters  which  are  solahle  only  in  alcohol  are  called 
resinous. 

Experiment  b. — ^Boil  for  some  time  in  a  jar, — 1st,  yellow 
¥ig.  214.  berries;  2nd,  Brazil-wood;  and  3rd,  log- 

wood; each  separately,  with  twelre  tiroes 
its  amount  of  water;  the  decanted  decoc- 
tion of  the  first  is  yellow,  of  the  second 
reddish-yellow,  and  of  the  third  hrownish- 
red ;  a  sufficient  {Hx>of  that  the  colouring 
matters  contained  in  these  snhstances  hare 
heen  dissolved  in  the  water.  Dyers  call 
these  coloured  decoctions  btxths. 
Experiment  c, — Divide  these  colouring  decoctions  into  two 
equal  parts.  Dissolve  a  quarter  of  an  ounce  of  alum  in  one 
part  of  each,  and  then  add  to  these  a  solution  of  carhooate 
of  potassa,  as  long  as  any  precipitate  subsides.  As  was  stated 
in  £  260,  the  hydrate  of  alumina  is  precipitated ;  hut,  together 
with  this,  the  colouring  matter  is  also  precipitated,  and  hence 
the  precipitates  are  coloured.  These  precipitates  are  called 
lakes.  The  lake  obtained  from  the  yellow  berries  occurs  in 
commerce  under  the  name  of  yellow  lake,  that  from  Brazil- 
wood as  drop-lake. 

Experiment  d. — Prepare  a  solution  of  alum  (a),  another  of 
salt  of  tin  (3),  a  third  of  green  vitriol  (<?),  a  fourth  of  carbonate 
of  potassa  {d)y  a  fifth  of  tartaric  acid  {e\  and  saturate  a  sheet 
of  white  blotting-paper  with  each  solution.  When  dry,  cut 
each  sheet  into  three  strips,  smear  one  of  the  strips  from  each 
sheet  with  the  fustic,  another  of  them  with  the  Brazil-wood, 
and  the  third  set  with  the  logwood  decoction,  and  again  diy 
them.  You  will  find  that  one  and  the  same  colouring  matt^ 
produces  a  difierent  colour,  or  shade  of  colour,  upon  each  of  the 
five  sheets.  Tins  colour  will  be  very  slight  when  the  coloured 
decoctions  are  applied  to  mere  blotting-paper  {f).  If  you 
now  immerse  the  coloured  and  dried  strips  in  warm  water,  the 
colours  will  be  for  the  most  part  dissolved  from  the  three  last 
tests  (c?,  e,f\  but  not  from  the  former  (a,  b,  e).  Those  salts 
which,  like  alum,  salt  of  tin,  and  green  vitriol,  have  the  power 
of  forming  insoluble  combinations  with  the  colouring  matters, 
and  fixing  them  firmly  in  the  fibres  of  the  doth,  are  caUed 
mordants,  and  are  generally  employed  in  dyeing  and  calico- 
printing  establishments,   to   fix   the   dyes  upon   the  rarioos 
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materials,  such  as  silk,  wool,  cotton,  linen,  kc  That  which 
efPects  the  colouring  is  an  insoluble  lake  colour,  that  is,  a  com- 
bination of  the  colouring  matter  with  alumina,  peroxide  of  tin, 
or  sesquiozide  of  iron,  but  which,  in  order  that  it  may  adhere 
firmly,  must  first  be  formed  within  the  pores  of  the  vegetable 
fibre.  If  it  is  formed  on  the  outside  of  them,  it  only  covers 
the  fibres  externally,  and  then  merely  adheres  mecnanically 
upon  them ;  such  a  colour  may  be  removed  from  the  material 
by  rubbing,  shaking,  and  also  by  washing. 

The  process  pursued  in  the  prinHng  of  calico^  &c.,  is  very 
similar,  with  this  difference,  however,  that  the  morcUmts  are 
only  applied  in  spots^  or  else  the  whole  of  the  doth  is  first 
covered  with  the  mordant,  which  is  again  removed  in  spots. 
(§  197.)  When  a  piece  of  cloth  thtw  treated  is  immersed  in 
the  colouring  decoction,  the  colouring  matter  will  be  precipi- 
tated only  in  those  places  covered  with  the  mordant,  and  thus, 
instead  of  one  uninterrupted  uniform  colour,  an  interrupted 
colour,  presenting  a  pattern,  is  obtained. 


XIV.   ORGANIC  BASES,  OR  VEGETABLE  BASES 
(ALKALOIDS). 

596.  It  has  already  been  mentioned,  under  the  head  of 
extractive  matter,  that  many  plants  contain  peculiar  substances, 
which,  like  the  inorganic  bases,  can  combine  with  acids,  forming 
salts ;  they  are  called  organic  bases.  Many  of  them,  also,  like 
the  alkalies,  exert  a  basic  reaction  upon  red  test-paper ;  hence 
the  second  name,  alkaloids.  The  organic  bases  are  to  the 
inorganic  bases  what  the  organic  acids  are  to  the  inorganic  acids. 
The  organic  bases  are  composed  of  more  than  two,  commonly  of 
four  elements  (carbon,  hydrogen,  oxygen,  and  nitrogen),  the 
inorganic  of  two  elements  only ;  they  are  charred  and  consumed 
by  heat, — ^the  inorganic  bases  are  not;  they  undergo,  in  the 
presence  of  wat«r  and  heat,  a  putrefective  decomposition, — the 
inorganic  bases  do  not.  They  are  characterised  by  containing, 
almost  without  exception,  nitrogen  in  their  composition. 

Almost  all  organic  bases  dissolve  with  difficulty,  or  not  at 
all,  in  water,  but  more  readily  in  alcohol;  their  solutions  have 
commonly  a  very  bitter  taste.    As  a  general  rule,  they  dissolve, 
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when  combined  with  acids  as  salts  much  more  easily  in  water, 
than  they  da  when  in  their  simple  condition. 

Most  of  the  organic  bases  known  at  present  are  derived  firom 
those  plants  which  are  characterised  by  their  poisonous  qualities 
or  by  their  medicinal  effects,  and  we  have  strong  reasons  for 
attributing  to  them  the  poisanatis  and  medicinal  properties  of 
the  plants.  Many  of  them  are  vir^lent  and  dangerous  poisons ; 
but  in  very  smaU  doses  they  are  energetic  medicines.  One 
gp*ain  frequently  possesses  the  same  medicinal  power  as  an 
ounce,  or  even  several  ounces,  of  the  vegetable  substances  from 
which  they  were  obtained. 

The  vegetable  bases,  when  they  are  dissolved,  are  almost 
without  exception  precipitated  by  tannic  acid  aa  nearly  or 
entirely  insoluble  tannates,  for  which  reason  liquids  containing 
tannic  acid,  such  as  tincture  of  gall-nuts,  decoction  of  green 
tea,  or  of  oak-bark,  &c.,  are  not  only  employed  as  tests  for 
detecting  vegetable  bases,  but  also  as  effective  antidotes  in 
cases  of  poisoning  by  them.     * 

The  vegetable  bases  occur  generally  in  combination  with 
vegetable  acids.  They  are  separated  from  these  acids,  and 
extracted  from  the  vegetable  matter,  by  adding  to  the  latter 
some  water,  and  an  acid  which  is  stronger  than  the  vegetable 
acid  and  forms  with  the  base  an  easily  soluble  salt  (muriatic 
acid,  sulphuric  acid,  &c.).  If  an  inorganic  base  (potassa,  lime, 
ammonia,  magnesia,  &c.)  is  a^ded  to  the  acid  solution,  the 
organic  base  is  then  precipitated.  But  there  are  also  numerous 
other  methods  of  preparing  these  bases ;  all  of  them,  however, 
are  long  and  complicated,  for  the  reason  that  many  other  sub- 
stances are  also  extracted  from  the  plants  at  the  same  time  with 
the  bases,  which/  in  very  many  cases,  can  be  separated  and 
purified  only  by  laborious  operations. 

597.  Some  of  the  most  important  organic  bases  are : 

AconitinCy  from  the  Aconitum  napellus  (monk's-hood),  a 
white,  granular  powder,  extremely  poisonous;  -^  oi  2k  grain 
will  kill  a  sparrow. 

Atropine,  from  the  root  of  the  belladonna  (deadly  night- 
shade) ;  it  crystallises  in  white  silky  prisms ;  very  poisonous.    . 

Chelidonine,  from  the  celandine;  crystallises  in  colourless 
tables. 

Quinine  is  found  combined  with  kinic  acid,  chiefly  in  the 
crown  Cinchona-bark  and  in  the  Calisaya-bark,  and  crystallises 


in  silkj  needks ;  but  it,  also  ooctffs  under  the  name  oigmino' 
idine  in  the  amorphous  state,  as  a  dark-brown  resinous  mass, 
and  is  a  very  important  medicine.  The  basic  sulpheUe  of 
gtaninej  whidi  occurs  in  white  needles,  is  most  commonly  used 
in  medicine.  This  is  very  di£Bcultly  soluble  in  water,  but  is 
▼ery  readily  dissohred  in  it  when  sofificient  sulphurie  acid  is 
added  to  convert  it  into  neutral  sulphate  of  quinine.  Another 
base,  very  similar  to  quinine,  occurs  in  the  grey  cinch(ma- 
bark ;  it  crystallises  in  white  prisms,  and  has  received  the  name 
cinchontne. 

Caffeine,  or  thetne,  from  the  tmroasted  coffee-bean,  or  the 
so-called  green  tea ;  crystallises  in  fine  white  prisms  of  a  silky 
lustre. 

Colchicine,  from  meadow-saffron ;  crystallises  in  white 
needles ;  it  causes,  when  taken,  the  most  violent  vomiting. 

DaturtnCf  from  the  seeds  of  the  thorn-apple,  in  colourless 
crystals ;  highly  poisonous. 

JSmetine  (from  ipecacuanha)  occurs  when  pure  as  a  wlute 
powder,  when  impure  as  a  brown  extract ;  a  powerful  emetic. 

Hyoscyaminej  from  henbane,  in  radiated  groups  of  white 
needles ;  a  narcotic  poison. 

Uie  Alkaloid  of  Opium,  About  forty  years  ago  the  first 
vegetable  base  was  discovered  in  opium, — ^the  inspissated  juice 
of  the  poppy, — ^and  was  called  morphine.  It  exists  in  opium 
combined  with  meconic  acid,  and  cirstallises  in  colourless 
prisms ;  narcotic  and  poisonous ;  in  sm^ul  doses,  a  very  valuable 
remedy.  The  acetate  of  morphine  is  much  used  in  medicine. 
By  later  investigations  there  have  also  been  found  in  opium 
pseudo-morphine,  narcotine,  narceine,  codeine,  and  thebaine. 

Piperine,  from  white,  black,  and  long  pepper;  in  white  crys- 
talline needles. 

Solanincy  from  several  species  bf  solanum,  par^cularly  from 
the  white  sprouts  of  the  potato  ;  as  a  white  powder,  or  in  crys- 
talline, colourless  needles ;  a  narcotic  poison. 

Strychnine^  from  the  nux-vomica  (the  seeds  of  the  Strychnofl 
nux-vomica),  and  from  the  Indian  arrow-poison ;  crystallises  in 
prisms  or  octahedrons;  very  pobonous.  There  is  anoth<^  base, 
orucine,  occurring  along  with  it. 

Veratrtne,  from  white  hellebore,  and  the  seeds  of  the  saba- 
dilla  ;  a  lustrous  white  powder,  extremely  poisonous  ;  when  in- 
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troduced  into  the  nostrils,  it  excites  the  most  violent  sneezing ; 
•j^  of  a  grain  will  kill  a  cat. 

The  following  are  volatile  and  liquid : 

Conicine,  from  hemlock,  principally  from  the  seeds;  a  colour- 
less oily  liquid,  of  a  nauseous,  strong  odour  ;  very  poisonous. 

Nicotine,  from  the  leaves  of  the  tohacco,  colourless,  oily, 
having  a  smell  like  that  of  tohacco.  Highly  poisonous  ;  one- 
fourth  of  a  drop  will  kill  a  rabhit. 

Vegetable  bases  may  also  be  artificially  produced,  for  in- 
stance,— 

Aniline,  from  indigo,  or  from  coal-tar. 

Sinammine,  from  oil  of  mustard,  &c. 

KETBOSPECT  OP  THE  EXTKACTIVE  AND  COLOUBINO  SITB- 
8TANCES,  AND  OP  THE  VEGETABLE  BASES. 

1 .  Besides  the  generally  di£Fused  vegetable  substances,  there 
occur  in  almost  every  i^iasit  peculiar  principles^  upon  which,  in 
many  cases,  the  effect,  taste,  and  colour  of  these  plants  depend. 

2.  We  find  these  peculiar  principles  mixed  with  various 
other  substances  in  the  inspissated  vegetable  juices,  the  so-called 
extracts. 

3.  Many  of  them  are  non-nitrogenous,  others  nitrogenous, 
and  still  others  contain  at  the  same  time  sulphur. 

4.  Those  combinations  which  are  indifferent,  and  have  no 
prominent  colour,  are  called  extractive  matters ;  they  are  also 
called  bitter-extractives,  because  they  have,  for  the  most  pa]%  a 
bitter  taste. 

5.  Colouring  nuUters  are  extractive  matters,  which  are  them- 
selves coloured,  or  are  converted  by  the  action  of  other  bodies 
into  coloured  compounds ;  they  are  quickly  rendered  colourless 
(bleached)  by  chlorine,  slowly  by  light  and  air. 

6.  Colouring  matters  present  a  great  affinity  for  some  bases, 
especially  for  sdumina,  sesquioxide  of  iron,  and  peroxide  of  tin, 
and  form  with  them  insoluble  coloured  compounds  (lakes)  ;  in 
dyeing  and  calico-printing  these  insoluble  precipitates  are  pro- 
duced in  the  fibres  of  the  yam  or  stuff. 

7.  The  vegetable  bases  can,  like  potassa  or  soda,  combine 
with  acids,  forming  salts  ;  many  of  them  also  exert  an  alkaline 
reaction;  most  of  them  are  difficultly  soluble  in  water,  but 
easily  soluble  in  alcohol. 
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8.  The  vegetable  bases  occur  principally  in  those  plants 
which  are  characterised  by  particular  poisonous  or  medicinal 
qualities.     Many  of  them  are  very  violent  poisons. 

9.  Almost  all  vegetable  bases  contain  nitrogen. 


XV.  ORGANIC  ACIDS. 

598.  The  organic  acids  are  found  much  more  frequently,  and 
in  greater  abundance,  than  the  organic  bases,  in  the  vegetable 
kingdom.  Several  of  them  occur  imcombined,  or  as  acid  salts ; 
hence  the  acid  taste  which  We  perceive  in  so  many  vegetable 
substances,  especially  in  unripe  fruits.  They  are  frequently, 
also,  completely  neutralised  by  bases,  or  are  insoluble,  as  in  the 
resins,  and  in  both  these  cases  they  are  not  recognised  by  the 
taste.  Besides  these  acids  occurring  in  nature,  many  also  have 
l)een  discovered,  which  may  be  artificially  produced  from  other 
non-acid  vegetable  substances;  thus,  oxalic  acid  and  formic 
acid  are  prepared  from  sugar,  acetic  acid  from  alcohol,  the  fatty 
acids  from  fats,  &c.  The  general  properties  of  these  acids 
liave  already  been  mentioned  (§  193,  &c.) ;  we  shall  here  notice 
only  those  which  are  best  known. 

599.  Macemte  acid  occurs  in  the  juice  of  many  g^pes,  and 
crystallises  like  tartaric  acid,  to  which  it  is  very  similar,  in 
colourless,  very  acid- tasted  prisms. 

600.  Citric  add  exists  in  the  juice  of  lemons,  and  also  in 
that  of  currants,  gooseberries,  and  many  other  fruits.  By 
evaporating  the  juice  of  the  lemon,  we  only  obtain  an  acid 
brown  extract,  because  all  the  other  non-volatile  constituents,  as 
well  as  the  citric  acid,  remain  behind ;  but  if  the  juice  is  neu- 
tralised with  chalk,  a  difficultly  soluble  citrate  of  £me  is  preci- 
pitated, while  the  foreign  substances  remain  for  the  most  part 
in  solution.  We  obtain  from  citrate  of  lime,  by  decomposition 
with  diluted  sulphmic  acid,  sulphate  of  lime  and  a  solution  of 
citric  acid,  which  yields  on  evaporation  colourless  prismatic 
crystals.  A  mixtmre  of  the  pleasant  acidulous-tasting  citric 
acid  (or  tartaric  acid)  with  sugar  is  called  lemonade-powder. 
By  moderate  heating,  the  citric  acid  passes  into  aconitic  add, 
an  acid  which  also  exists  in  monk's-hood. 

601.  Malic,  actdh.ohiamed  from  sour  apples,  the  berries  of 
the  mountain-ash,  and  many  other  plants ;  it  is  very  deliques- 
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cent,  and  therefore  is  difficult  of  crystallisation.  MaHc,  citric^ 
and  tartaric  acids  are  foond  associated  together  in  almost  aD 
acid  fruits. 

602.  Formic  actd  occurs  in  ant^  but  maj  be  artificianj 
produced  from  almost  all  vegetable  matters,  when  they  are 
treated  with  bodies  rich  in  oxygen ;  for  instance,  nitric  acid, 
chromic  acid,  black  oxide  of  mang^ese,  or  sulphuric  acid.  It 
is  a  volatile,  colourless  liquid,  of  a  very  acid  taste,  and  a  very 
puz^ent  odour. 

603.  Tannic  acid  (tannin)  is  the  general  name  given  to  that 
substance,  of  very  frequent  occurrence  in  plants,  espedally  in 
the  Ymrkn  of  trees,  which  imparts  to  them  the  well-known 
austere  and  astrii^nt  taste.  It  is  regarded  as  an  add,  be- 
cause it  has  an  acid  reaction,  and  can  combine  with  bases. 
This  acid  is  distinguished,  aocording  to  the  plants  in  whidi  ife 
occurs,  as  quercitannic,  numotannic,  &C.,  acids<  The  querd- 
Ummic  acidy  which  is  found  most  abundantly  in  nut-galls  and 
in  the  baric  of  young  oak-trees,  is  best  known.  In  the  pae 
state  b  forms  a  white  or  yellowish  gum-like  mass,  whicui  is 
very  easily  dissolved  in  water  and  alcohol.  It  forms  the  prm- 
cipal  constituent  in  the  tincture  of  nut-galls,  lliere  are  two 
properties  which  especially  characterise  tannic  add,  and  have 
stamped  it  as  an  extremely  important  substance  in  the  arts: 

a.)  It  yields,  with  salts  of  sesquioodde  of  iron,  a  bhieuk" 
black  precipitate  of  tannate  of  sesquioxide  of  iron  (§  2S5% 
and  therefore  is  generally  emi^yed  for  dydng  all  kinds  of 
materials  with  a  grey  or  blade  cdkmr,  and  for  &  pr^Mvation 
of  ink,  &C. 

b,)  It  combines,  moreover,  with  the  skin  of  animals,  formii^ 
a  combination  insoluble  in  water,  and  no  longer  subject  to  putre- 
fieietion — leather  ;  hence  the  name  tonntn,  and  hoice  the  extm- 
sive  application  of  the  vegetable  substances  containing  tannin 
(baric  of  the  oak,  pine,  birch  trees,  &c)  in  the  tanner's  trade. 

604.  K  a  solution  of  tannic  add  remains  %x  a  long  time  ex- 
posed to  the  air,  it  will  be  converted  into  two  new  adds,  gdKc 
and  dlaffic  adds.  Consequently,  both  are  to  be  found  in  tine- 
ture  of  nut-galls,  and  in  ink,  which  have  been  kept  for  some 
length  of  time.  Gallic  add  crystallises  in  wlute  needles  cmt 
prisms  ;  its  solution  yields,  like  tannic  add,  a  blueish-black  pre- 
dpitate  with  salts  of  sesquioodde  of  iron,  but  it  does  not  tan  the 
slons  of  animals. 


605.  Substances  containing  Trnnmn, — -The  fbfloinng  are 
the  principal  dye-stuffs  and  tanning  suhgtances  which  occur  in 
commerce. 

a.)  GmU-MMis^  They  are  produced  on  oak-leaves  by  the  pane- 
tore  of  an  insect  The  best  come  from  Asia  Minor,  and  con- 
tain nearly  one-half  of  tannic  acid ;  inferior  sorts  are  brought 
from  Italy  and  Hungary.  The  gall-nuts  formed  on  trees  in 
Germany  contain  but  little  tannic  acid. 

b,)  VatechUy  the  brown,  dry  extract  of  the  Acacia  catechu, 
is  now  very  frequently  used  in  dyeing  and  calico-printing  esta- 
IbMriunents,  for  the  production  of  a  brown  colour ;  sometimes, 
«lio,  for  tamung  skins. 

e.)  Kinoy  the  brownish-blaekeztraet  of  a  tree  growing  in  the 
East  Ladies. 

d,)  Sumaeky  or  /?At»,  the  bruised  leaves  of  sevorai  kinds  of 
very  important  in  dyeing. 

«.)  Dwi-dwi,  the  seed  capsules  of  an  African  plant. 

f^  Bdbiah^  the  pods  of  a  species  of  mimosa  growing  in  the 
East  indies. 

^,)  The  rimd  cfthc  pamegrancOey  rind  of  ^  walnut^  &c., 
Ac 

606.  The  acids  just  mentioned,  together  with  tartaric,  oiaHc, 
and  acetic  acids,  previously  treated  o^  are  very  widely  diffused; 
but  besides  diese  th^«  are  nnny  others,  which  are  found  only 
ia  particular  plants  or  vegetable  substances,  or  are  artificiaUy 
prepared  from  them  ;  as — 

Smcdmdc  aeid^  in  ambOT ;  white  crystals,  volatile  in  the  heat; 
it  is  formed  also  by  the  oxidation  of  stearic  acid. 

Benzoic  aeidy  in  benzoin ;  white  crystalline  needles,  volatile 
in  ihe  heat;  it  is  formed  also  in  many  ethereal  oils,  when  long 
kept  The  bitter  oil  of  almonds,  on  exposure  to  <lie  air,  is  oxi* 
dised,  and  completely  conveited  into  mystaUised  benzoic  a<»d. 

OnMomic  aMj  in  old  ml  of  cinnamon  and  in  balsam  of  Peru ; 
white  crystals. 

CryophgiUc  add,  in  the  oil  of  eloves ;  an  oily  liquid. 

Valerianic  acid,  in  the  root  of  valerian ;  bxl  oily  liquid  of  a 
pmgent  odour.     May  be  prepared,  also,  from  the  frisel  oil  of 


S^tbene  amd  is  prepared  by  heating  cork  or  fotty  acids  with 
nibie  acid. 

Fwmafic  add,  in  Ibmitory  and  in  Iceland  moss;  it  is  formed 
also  by  heating  mafic  aoid. 
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Chelidonic  acid^  in  celandine* 

Meconic  acid,  in  opium. 

Kini4:  actd,  in  cinchona-baric. 

Lactic  acidj  in  whey,  sour-krout,  juices  of  fleshy  &c 

Uric  or  lithic  acid^  in  urine,  &c. 


XVI.    INORGANIC    CONSTITUENTS    OF    PLANTS 

(ASHES). 

607.  If  we  review  the  proximate  constituents  of  plants 
treated  of  in  the  preceding  section,  it  will  be  seen  that  they  are 
composed  either  of  three  elements  (C,  H,  O),  or  of  four  ele- 
ments (C,  H,  O,  N).  We  may  accordingly  regard  the  arga- 
nogens,  carbon,  hydrogen,  oxygen,  and  nitrogen,  as  the  four 
main  pillars  of  the  vegetable  world.  Next  to  them,  sulphur 
and  phosphorus  appear  widely  diffused  in  the  vegetable  kuig- 
dom,  since  they  form  essential  constituents  of  the  albuminous 
substance  never  failing  in  any  plant.  But  the  list  of  the  che- 
mical substances  occurring  in  plants  is  not  yet  finished;  for  were 
it  so,  plants  would  be  completely  consumed  by  heat  without  any- 
thing being  left  behind.  But  on  the  combustion  of  every  plant 
a  residue  remains,  which  neither  burns  away  nor  volatilises ; 
consequently  there  must  also  be  piesent,  besides  the  combustible 
organic  compounds,  some  incombustible  inorganic  substances. 
The  latter  are  termed  ashes, 

608.  The  term  ashes  is  just  as  indefinite  as  that  of  humus. 
Humus  is  the  term  generally  applied  to  all  those  black  or  brown 
substances  formed  during  the  decay  of  organic  matter ;  but  by 
ashes  are  understood  all  the  non-volatile  and  incombustible  sub- 
stances which  remain  behind  after  the  incineration  of  organic 
matter.  How  very  different  these  may  be,  both  in  quantity 
and  quality,  is  obvious  from  even  a  superficial  observation  of  the 
three  best  known  kinds  of  ashes,  those  of  wood,  peat,  and  pit- 
coal.  From  a  hundred  pounds  of  wood  we  obtain  only  half  a 
pound,  or  at  most  three  pounds,  of  ashes ;  from  a  hundred 
pounds  of  coal  or  peat,  twenty  or  thirty  pounds  of  ashes.  Wood- 
ashes  contain  very  many  ffkrts  soluble  in  water,  coal  and  peat- 
ashes  very  few  parts ;  the  former  yields  with  water  a  powerful 
alkaline  Ive,  the  latter  does  not ;  the  former  always  acts  on  our 
fields  and  meadows  as  an  excellent  manure,  the  latter  only  in  a 
mall  degree.     Great  differences  also  appear  when  the  ashes  of 
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Other  plants  or  parts  of  plants  are  compared  with  each  other,  a» 
may  he  seen  £rom  the  following  tahle : 


Of  which  are 

soluble  in 

Yield 

water  about 

100  Ihs.  oak-wood 

2  to  4  lbs. 

ashes; 

*• 

100    "   oak-bark 

5  ''6   " 

(( 

tV- 

100    "    oak-leaves  (in  spring) 

5   « 

(( 

¥ 

100    "         «*           (in  autumn) 

5^" 

*• 

100    "   dried  potatoes 

8  "  9   " 

|. 

100    "  potato-tops 

15  « 

iVto^. 

100    ««   wheat-grain 

2  "  3  " 

h 

100    "  wheat-straw 

4  «  6  " 

i^o^. 

The  quantity,  as  well  as  the  nature,  of  the  inorganic  matter 
in  plants  consequently  varies  in  the  most  remarkable  manner, 
and  not  only  according  to  the  difference  oftheplantSy  but  ac- 
cording to  the  difference  of  the  individual  parts  of  one  and  the 
same  plant ;  indeed,  even  in  the  latter  according  to  the  difference 
of  age.  We  always  find  the  largest  quantities  of  it  in  the 
younger  vegetable  organs,  where  the  progress  of  growth  is  most 
active,  namely,  in  the  leaves  and  twigs. 

609.  If  we  ask  what  is  the  constitution  of  vegetable  ashes, 
chemical  analysis  replies,  that  they  consist  principally  oipotassa^ 
soday  lime,  magnesia^  and  sesquioxide  of  iron,  combined  with 
carbonic  acid,  silicic  acid,  phosphoric  acid,  sulphuric  acid, 
and  muriatic  acid  (chlorine).     Of  these  combinations  there  are 

a.)  Soluble  in  water,  the  alkaline  salts  (salts  of  potassa  and 
sodal. 

b.)  Soluble  in  diluted  muriatic  acid,  the  earth?/  salts  (salts 
of  lime,  of  magnesia,  and  of  sesquioxide  of  iron). 

c.)  Insoluble  in  water  and  acids,  the  silicates. 

The  character  of  the  prevailing  inorganic  constituents  of  a 
plant  may  be  ascertained,  though  only  in  an  approximative 
manner,  by  merely  treating  the  ashes  first  with  water,  and 
then  with  diluted  muriatic  acid. 

610.  The  above-named  inorganic  substances  are  often  c<m- 
t^ned  in  the  Hving  plants  in  quite  a  different  form  from  that  in 
the  ashes  ;  namely,  sulphur  as  a  constituent  of  the  albuminous 
matter,  but  the  bases  mostly  as  vegetable  acid  salts.  That  the 
latter  are  converted  on  ignition  into  carbonates  (carbonate  of 
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potassa,  of  toda,  of  lime^  4bc)  has  previ(n»ljbeen  ehomn  xnidsr 
the  heads  of  tartrate  and  oxalate  of  potassa  (§§  194,  197), 
and  thus  is  explained  why  almost  all  ashes  effervesce  with  acids. 
The  sulphur,  on  the  incineration  of  the  plant,  is  partly  converted 
into  sulphurous  add,  which  escapes,  and  partly  into  sulphxiric 
acid,  which  unites  with  one  of  the  hases  present,  and  renuuns 
hehind  in  the  ashes. 

611.  It  has  already  heen  mentioned  under  the  heads  of  phoa- 
phoric  and  silicic  acids  (§§  176,  183),  und  of  potassa  and  lime 
(§§  214,  240,)  that  theie  substances  are  able  to  exercise  a  very 
favourable  influence  upon  the  growth  of  plants,  and  that  many 
plants  will  not  flourisli  in  a  soil  in  which  salts  of  potassa  are 
wanting,  and  that  others  will  not  thrive  in  a  soil  which  contains 
no  Kme,  or  no  silicates  or  phosphates.  The  occurrence  of  in- 
organic substances  in  aU  {^ants  must  lead  to  the  ccmclu^on, 
that  every  {dant  requires  a  certain  quantity  of  them  £or  its 
existence,  and  for  its  complete  development.  If  the  plant  does 
not  find  them  in  the  soil  assigned  to  it,  it  is  obstructed  in  its 
g^wth  ;  it  pines  and  withers  away  before  attaining  maturity. 
It  is  highly  probable  that  basic  bodies,  as  lime  and  potassa, 
act  here  in  a  predisposing  manner,  similar  to  that  in  the  fiMv 
mation  oi  nitric  add  ;  that  they  occasion  by  their  presence  the 
formation  of  organic  adds,  with  which  they  aftm!wards  enter 
into  combination.  On  the  further  growth  and  ripenii^  of  the 
plants,  there  are  formed,  as  it  appears,  from  these  adds,  the 
indifferent  substances  starch,  sugar,  gum,  &c. ;  for,  as  is  mSi 
known,  the  acid  taste  is  lost  in  many  vegetable  parts,  especially 
in  the  &uitB  at  tiie  time  of  ripening,  while  a  mealy,  sweety  or 
mucilaginous  taste  supplies  its  place. 

It  follows  from  what  has  previously  been  stated,  that  the 
inorganic  salts  requidte  for  the  growtii  of  each  individual  plaot 
may  be  ascertained  most  simply  by  buining  the  plant,  and  ex- 
amining the  ashed  which  remain ;  it  requires  the  same  substances 
which  are  found  in  its  ashes.  If  we  now  examine  the  sdl  on 
which  plants  of  this  kind  are  to  be  cultivated,  we  shall  find  hy 
comparison  which  of  the  constituents  of  tiie  a^es  are  already 
present  in  it,  and  what  constituents  must  be  added  te  it  that 
die  plants  may  find  therein  all  the  mineral  substances  requiate 
for  their  development  and  growth. 

612.  The  Soilf  that  is,  the  upper  thin  layer  of  the  sui&oe 
of  our  earth,  in  whidi  plants  germinate  and  take  root,  con- 
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sists  chiefly  of  two  different  kinds  of  matter ;  namely,  inor- 
ganic substances,  belonging  to  the  mineral  kingdom  (silica, 
combinations  of  siHcic,  phosphoric,  cari)omc,  and  snlphuric  acids 
with  alumina,  lime,  magnesia,  potassa,  soda,  and  iron),  and 
organic  substances,  derived  from  the  animal  and  vegetable 
kingdom  (humus-like  substances). 

The  ground  and  soil  which  are  adapted  to  vegetation  are 
principaJly  formed  of  mineral  substances,  more  or  less  finely 
divided,  which  consist  of  rocks  that  have  been  disintegrated  by 
the  operation  of  the  atmosphere,  or  weathered,  during  the  lapse 
of  centuries.  (§  265.)  This  weathering  is  going  on  uninter- 
ruptedly, even  now,  in  the  soil  of  the  earth,  and  so  much  the 
more  rapidly  in  proportion  as  the  soil  is  loosened  and  pene- 
trated by  air  and  water  (fallow).  But  during  this  process,  the 
masses  of  rock  are  not  merely  mechanically  broken  into  small 
fragments,  but  they  are  also  chemically  changed,  since  from 
their  several  insoluble  constitu^its,  soluble  salts — ^for  instance, 
salts  of  potassa,  soda,  lime,  &c. — are  generated,  which  may  be 
absorbed  by  the  roots  of  the  plants.  Everything  which  pro- 
motes the  weathering  and  dissolution  of  the  rocks — ^for  instance, 
burning  the  soil  (§  258),  mixing  it  with  lime  (§  240)  or  acids 
(§§  173,  186,  &c.)-~will  aecordmgly,  as  a  general  rule,  exercise 
a  beneficial  influence  upon  the  growth  of  plants. 

The  organic  substances  contained  in  the  soil  have  always  a 
facovm  or  black  colour,  and  are  designated  by  the  general  term 
kumms.  (§  444.)  They  partly  consbt  of  decaying  leaves  and 
braaches,  which  have  fallen  off,  and  of  decaying  roots  of 
plants  remaining  behind  in  the  earth,  and  paruy  of  deoom- 
poeing  vegetable  ot  animal  manure  put  upon  the  soiL  It  has 
already  been  previously  mentioned,  that  these  products  of  decay 
are  gradmlly  still  further  decomposed  into  carbonic  acid,  am- 
monia, and  water,  and  to  this  reason  cause  a  more  vigorous 
grofwth  <^  the  plant.  They  likewise  act  ^EivouraUy  on  vegeta- 
tion, because  by  reBBom  of  thdr  dark  colour  the  soil  is  heated 
more  strongly  by  the  rays  of  the  sun,  because  tfaey  loosoi  the 
soy,  and  finally,  because  the  weathering  of  the  rodcs  is  pro- 
moted by  the  carbonic  acid  which  is  set  free  frt>m  them. 
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XVIL  NOURISHMENT  AND  GROWTH  OF  PLANTS. 

Electricity, 

O 


/I 

Carbon, 
Oxygen, 

Hydrogen, 
Nitrogen, 

Silica,  Alumina,  Lime,  Salts,  Humus. 

613.  Carboriy  oxygeny  hydrogen^  and  nitrogen^ — ^these  are 
the  four  elements  which  the  Divine  Power  has  established  as 
main  pillars  for  the  structure  of  the  whole  organic  creatdon ; 
from  them,  and  also  from  sulphur^  phosphorus^  and  some  oth^ 
inorganic  substances,  all  the  numberless  wonderful  forms  of  the 
animal  and  vegetable  world  are  produced.  We  as  yet  know 
but  little  about  the  true  chemical  process  by  which  these  results 
are  effected,  but  we  have  nearly  ascertained  the  external  con<U- 
tions  imder  which  they  take  place,  and  the  sources  from  which 
the  above-named  elementary  substances  are  derived. 

That  plants  require  for  their  germination  and  development 
soUy  watery  air,  heat,  and  light — ^those  universal  conditions  of 
vegetable  life — is  well  enough  known  ;  but  the  chemical  inves- 
tigations of  modem  times  only,  and  particularly  those  instituted 
by  Liebig,  have  diffused  a  clearer  Ught  as  to  what  individual 
constituents  are  taken  up  from  the  earth,  the  water,  and  the 
air  by  the  plants,  and  serve  them  as  means  of  nourishment. 
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WILD  PLAITTS  (meadows,  EOBE8T8,  &C.). 

614.  Food  of  Plants, — ^Plants  absorb  their  nourishment 
partly  by  the  roots,  partly  by  the  leaves.  It  follows  from  this, 
that  the  nourishment  must  either  be  liquid  or  aeriform ;  for  in 
these  two  forms  only  can  it  penetrate  into  the  fine  pores  of  the 
root-fibres  and  leaves.  Plants  receive  their  hydrogen  and 
oxygen  from  the  tvater,  their  carbon  from  carbonic  cicidy  their 
nitrogen  principally  from  ammonia^  their  inorg^anic  constituents 
chiefly  from  the  earth.  Water,  carbonic  acid,  ammonia,  and  a 
small  number  of  inorganic  salts,  are  accordingly  to  be  regarded 
as  the  nourishment  of  plants. 

a.)  Water  furnishes  the  plants  with  oxygen  and  hydrogen, 
— The  plants  imbibe  it  as  a  liquid,  by  their  roots,  from  the 
earth,  and  as  vapour,  through  their  leaves,  from  the  air. 
Water  is,  moreover,  essential  to  plants,  in  so  far  as  it  occasions, 
by  its  fluid  condition,  the  formation  of  the  solid  vegetable  parts; 
for  all  the  solid  ing^redients  of  the  plants  are  developed  from  the 
juice,  which  is  rendered  liquid  by  water. 

6.)  Carbonic  ojdd  furnishes  the  plants  with  carbon, — This 
is  principally  absorbed  (§  167)  by  the  leaves  from  the  air, 
-which  is  constantly  supplied  with  it  by  processes  of  combustion, 
decay,  and  respiration.  Moreover,  the  roots  of  the  plants  find 
carbonic  acid  in  every  soil  which  contains  humus,  for  humus 
consists  of  decaying  organic  matter,  that  is,  organic  matter  re- 
solving itself  into  carbonic  acid  and  water.  (§  444.)  From  this 
limited  source  the  young  plants  especially  draw  their  nourish- 
ment, before  they  have  leaves  enough  by  means  of  which  to  ap- 
propriate to  themselves  the  carbonic  acid  from  the  free  air.  The 
changes  which  the  latter  undergoes  by  the  action  of  living 
plants  are  shown  in  the  following  experiments  : 

Experiment, — Fill  a  glass  funnel  with  the  fresh  leaves  of 
ilg.  215.  some  planl^  and  invert  it  in  a  wide  glass  vessel 
filled  with  water,  in  such  a  manner  as  quite  to 
cover  the  funnel  with  water.  Now  close  the 
upper  opening  of  the  funnel  with  a  cork,  suck 
out,  by  means  of  a  glass  tube,  a  part  of  the  ex- 
terior water,  and  expose  the  vessel  to  the  sun ; 
bubbles  of  air  will  soon  rise  frt>m  the  leaves,  and 
collect  in  the  tube  of  the  funneL  When  the  water 
is  so  far  pressed  down  within  the  funnel  that  it 
stands  on  a  level  with  the  exterior  water,  then  uncork  the  fun- 
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uel,  and  hold  a  glowing  sharing  in  the  gas  evdTed  from  the 
kaves^  the  sharing  will  inflame  hrtskly,  just  as  it  would  in 
oxygen  gas.  Indeed,  this  gas  is  really  oxygen,  yMxkt  is  derired 
from  the  carbonic  acid  contained  in  the  wat^.  Thus,  in.  Ijie 
plants,  the  carbooic  acid  has  been  res(dyed  into  its  coostiteeot 
parts,  by  the  influence  of  light ;  its  oxygen  becomes  firee,  and 
escapes,  but  its  carbon  remains  b^iind  in  the  plants.  JFiamit 
inkale  oarbamic  eusid^  and  in  the  light  exhale  oxygen. 

Experiment, — Repeat  the  expmment,  but  widi  this  altera- 
tion,— pouiv  instead  of  oonunon  water,  Selters  wat^  orer  tlie 
leaves ;  this  contains  a  greater  abundance  of  carb<xiic  acid,  and 
the  consequenoe  is,  that  the  evolution  of  oxygen  gas  proceeds 
more  iHiskly,  and  continues  longer. 

Plants  consist  principally  of  vegetable  tissue,  stax^  g^nm, 
mucus,  sug^,  &c.,  eadi  composed  of  three  elements ;  all  tbese 
may  be  produced  &om  carbcmic  add  (C  Os)  and  water  (H  O), 
when  the  dements  of  the  water  comHiie  with  the  carbon  <d.  tae 
carbonic  acid.  If  this  happens,  the  oxyg^i  of  the  latter  must 
neoessanly  be  liberated.     From 

Carbonic  acid  =  Caihon,         Oxygen, 

and  Water      =  Hydrogen,  Oxygen, 

are  formed  Hydrogen,  Oxygen,  Carbon      +  Oxygen 

V , ; / 

Vei^tabie  tissue,  starch,  mocos,  sagar,  &c  (»  KbOTated.) 
It  is  also,  perhaps,  possible  that  the  elements  of  the  carlxHiic 
add  combine  with  the  hydrogen  of  the  water,  and  that  aooord- 
ingly  the  oxygen  which  becomes  ftee  is  derived  fron  the  water; 
the  chemical  process  would  then  be  difierent  from  that  yxA 
stated,  but  the  results  would  be  exactly  the  same.  From 
Water,  =  Hydrogen,     Oxygen, 

and  Carbonic  add  =  Carbon,  Oxygen, 
are  formed  Carbon,  Oxygen,  Hydrogen  -|-  Oxygen 

^^ '■ , ' 

Vegetable  tissne,  8tarch,iniicas,  sugar,  &c  (is  liberatad). 

c)  Ammonia  furnishes  plants  with  nitrogen, — When  vege- 
table and  animal  matters  decay,  ammonia  (N  Hj)  is  formed 
£x>m  their  nitrogen,  carbonic  acad  fi*om  their  caihon ;  both  of 
these  products  combine  with  each  other,  forming  a  vdblile  salt 
which  esd^es  in  the  air.  It  is  condensed  again  from  the  air, 
partly  by  the  loam  or  clay  (^  256)  and  the  humus  of  the  soil 
(§  444),  partly  by  the  dew,  rain,  and  snow,  and  returned  agaia 
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to  liie  earth,  and  then  with  the  water  ahso]*|bed  by  the  plants.  If 
organic  substances  decay  in  the  soil  where  plants  are  growing, 
ibe  ammoniacal  salt  is,  immediately  after  its  formation,  ab- 
sorbed W  thdr  rpots.  Whether  ammonia  can  be  formed 
Skreedy  m>m  the  nitrogen  of  the  air,  where  the  latter  is  in  con- 
tact with  decaying  substances  in  moist  earth,  and  can  be  of 
service  to  the  plants,  has  not  yet  been  ascertained  with  cer- 
tainty ;  whereas  it  may  be  regarded  as  proved  that  plants  have 
the  power  of  vnihdrawing  nitrogen  even  from  nitrates  when 
ibese  are  present  in  the  soil. 

In  what  manner  the  assimilation  of  ammonia  takes  place  in 
the  vegetable  kingdom  is,  indeed,  not  yet  known,  but  it  is  pro- 
bably the  ammonia  from  which  plants  take  the  nitrogen  requi- 
site for  the  formation  of  their  nitrogenous  constituents,  such  as 
albumen,  gluten,  caseine,  organic  bases,  &c.  From 
Carbonic  acid  =  Carbon,  Oxygen, 

Water  =  Hydrogen,  Oxygen, 

Ammonia      =Nitrogen,  Hydrogen, 
are  formed         Nitrogen,  Hydrogen,  Oxygen,  Carbon+Oxygen 

■  V 

AlbTunen,  gluten,  caseine,  organio  bases,  &c  (is  liberated). 
Carbonic  aeidy  water j  and  ammonioy  accordingly  contain  in 
their  elements  the  essential  constituents  for  the  fcHination  of  all 
y^etable  substances  (carbon,  hydrogen,  oxygen,  and  nitrogen). 
On  decay  and  putrefaction,  animal  and  vegetable  matter  is  de- 
ccHuposed  into  carbonic  acid,  water,  and  ammonia.  What  seems 
to  us  to  be  destruction  is,  however,  only  conrersion ;  the  form  only 
passes  away,  the  matter  itself  is  unchangeable.  From  the  dis- 
gusting substances  of  decay  are  formed  again  the  living  wonders 
of  the  vegetable  world. 

Fig,  216. 


Dead  animalB  and  plants.  Living  j^ants. 

dl)  Plants  arefumiskedy  through  die  soil  and  water,  with 
the  requisite  inorganic  matters, — The  soil  is  constantly  under- 
going changes ;  die  organic  matter  contained  in  it  decays,  the 
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inorganic  is  decomposed  by  the  action  of  time  and  weather. 
By  the  last  agents 'soluble  salts  are  always  forming'  from 
insoluble  rocks,  which  salts  may  now  be  absorbed  by  the  roots 
of  plants.  Weathering  takes  place  also  beneath  the  surface  ai 
the  eardi,  and  indeed  wherever  air  and  water  can  penetrate 
into  the  mass  of  rocks.  The  substances  thus  rendered  soluble 
are  taken  up  by  the  rain-water,  and  constitute  the  salts  con- 
tmned  in  our  common  spring  and  river  waters ;  accordingij,  in 
many  places  plants  can  receive  inorganic  matter  from  water 
also.  Finally,  the  air  likewise  contains  inorganic  substances 
which  have  been  conveyed  into  it  by  evaporation  (§  182),  espe- 
cially from  the  ocean,  and  also  by  the  force  of  the  winds,  and 
which  are  dififused  by  it  over  the  whole  eartL  These  an 
returned  again  to  the  earth  in  rain,  dew,  snow,  &c.,  and  thns 
we  can  no  longer  wonder  at  finding  in  plants  salts  (for  instance, 
common  salt)  not  existing  in  the  rocks  from  which  the  soil 
serving  as  a  habitation  for  these  plants  has  been  formed.  The 
changes  which  these  substances  undergo  in  living  plants  have 
already  been  noticed  in  the  preceding  section. 

It  should  still  be  expressly  stated,  that  a  plant  can  grow 
vigorously,  thrive,  and  attain  complete  maturity,  only  when  the 
substances  mentioned  at  a,  b,  c,  and  d  are  all  four  presented 
to  it  simultaneously.  As  the  life  of  man  ceases  if  only  a  single 
condition  necessary  for  his  continued  existence  is  withdrawn, 
for  instance,  the  air  (oxygen),  or  water, — as  a  clock  stops  if 
only  a  single  wheel  is  tsdcen  from  it, — so  also  the  complete 
development  of  a  plant  is  obstructed  when  one  of  the  above- 
mentioned  means  of  nourishment  £itils. 

CULTIVATED  PLANTS. 

615.  If  we  give  abundant  and  invigorating  food  to  an 
animal,  it  becomes  vigorous  and  fat;  on  scanty  and  slightly 
nourishing  food,  it  remains  poor  and  lean.  Just  the  same  Qiing 
occurs  also  with  plants.  When  they  find  an  abundance  of  afi 
the  substances  which  they  require  for  their  development  in  the 
soil  and  in  the  air,  they  will  grow  up  more  vigorously,  and  put 
forth  more  branches,  leaves,  flowers,  and  fruits,  than  when  they 
do  not  find  these  substances,  or  find  only  a  pwt  of  them,  in 
sufficient  quantity.  Consequently,  the  way  of  obtaining  from 
our  fields  and  meadows  the  largest  produce,  consists  in  present- 
ing to  the  plants  which  are  to  be  cultivated  upon  them  aU  the 
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materials  requisite  for  their  nourishment  in  sufficient  quantity. 
We  do  this  hj  manuring  the  soiL 

616.  Nature,  hy  means  of  rain  and  dew,  decay  and  putre- 
fisMition,  provides  that  the  three  universal  mei^s  of  nourismnent, 
^ater,  carbonic  acid,  and  ammonia,  shall  not  be  wanting  to 
plants ;  and  man  also,  without  exactly  intending  it,  contributes 
his  share  by  the  act  of  breathing  and  by  the  fires  he  kindles. 
The  air  contains  an  inexhaustible  supply  of  these  substances, 
since  the  processes  by  which  they  are  generated  on  the  earth 
never  suffer  an  intermission.  The  air  done  would  accordingly 
suffice  for  the  nourishment  of  plants,  if  they  could  only  find  in 
the  soil  the  necessary  inorganic  salts  in  solution.  But  as  a 
structure  advances  more  rapidly  when  it  is  worked  upon  at 
several  parts  at  the  same  time,  so  the  growth  of  a  plant  pro- 
ceeds more  rapidly  and  more  luocuriandy  when  it  can  take  up 
nourishment  firom  several  different  sources,  not  only  by  the 
leaves,  but  at  the  same  time  also  by  the  roots.  All  vegetable 
and  animal  substances  are  converted  by  decay  into  water,  car- 
bonic acid,  and  ammonia ;  hence  it  is  quite  natural  that  such 
substances,  when  they  decay  in  a  moist  soil,  should  promote  the 
growth  of  the  plants  sown  in  that  soil.  Hereby  is  explained, 
but  in  part  only^  th6  beneficial  influence  exerted  upon  vegeta- 
tion by  the  universally  used  animal  and  vegetable  manures, 
as,  for  instance,  the  so-called  humus-like  substances  formed 
from  excrements,  urine,  horn-shavings,  bone-dust,  g^uano,  straw, 
leaves,  &c. 

617.  But  the  reception  of  these  universal  means  of  nourish- 
ment, and  their  transformation  into  organic  matter  by  the  vitsd 
activity  of  the  plants,  can,  as  already  mentioned,  only  take 
place  by  the  aid  of  the  inorganic  salts.  If  these  are  wanting 
in  a  soU,  the  seeds  sown  in  it  may  indeed  germinate  and  grow 
for  a  while,  because  they  contain  within  diemselves  a  certain 
quantity  of  those  inorganic  constituents  which  the  plants  require 
n>r  their  growth,  but  the  growth  will  cease  when  the  con- 
stituents are  exhausted  in  the  development  of  the  young  plants. 
Nature  provides,  indeed,  for  the  formation  of  soluble  sul^stances 
in  the  earth,  by  the  gradual  action  of  the  weather ;  but  these 
are  not  sufficient  to  yield  a  rich  harvest  year  after  year  from 
the  same  fields,  and  it  is  therefore  ipdispensable  to  mix  these 
constituents  artificially  with  the  soil  in  order  to  maintain  its 
fertility.     This  is  done,  either  directly  by  those  mineral  sub- 


460  YlB&BLkBliE  MATnOL 

siimeti  whiA  eontiun  fimey  potMsa,  soda,  phoipliorie  add,  ^be^ 
as,  for  instaocey  by  lime,  gypstmiy  marl,  woodr-aaheSy  bone-adMS^ 
aaniial  charcoal,  common  salt,  8(0.;  by  the  OTerflowing  of 
ncafdows  with  water,  &c.  ^  or  imdirectfy^  b^  thetaUa  eontaimtd 
vn  most  kinds  of  manure^  The  soluble  lalti  existing  in  the 
food  are  removed  again  from  the  animal  body  by  the  urine  of 
aaimah,  the  inioliH>le  by  the  sdid  excrements  9  and  thus  is 
<Tiniained,  in  a  simple  manner,  why  the  excrements  of  a^mT^ftlff 
fad  apon  oats  are  the  most  appropriate  and  most  powerful 
mamire  for  oats;  those  of  animals  fed  upon  peas^  dorer,  est 
potatoes,  ihe  best  manure  for  peas,  dover,  (»r  potatoes.  In 
ihese  saline  or  inorganic  substances  lies  the  second  mode  of 
operation  of  the  animal  and  Tegetable  manures. 

Since  different  kin^  of  plants  require  d^erent  inocganie 
substances,  and  d^ereni  qnaniities  of  them,  for  their  nooridi- 
ment, — some,  lor  instance,  principaUy  salts  of  potassa,  others 
salts  of  lime,  and  others  agun  phosphates  or  silicates, — so  it  is 
adTantageous  in  the  cultivation  of  i^ants  to  make  sudi  an 
aUemaiUm  (rotation  of  crops)  that  a  potassa  plant  shall  be 
followed  by  a  lime  plant,  and  this  i^ain  by  a  silica  plant,  &c. 
In  this  way,  it  is  possible  to  obtain  from  a  fidd  wludi  is  ex- 
hausted for  one  ki^  of  plant  a  second  or  a  third  crop  consisting 
of  a  different  spedes  of  ^ant,  without  the  necessity  oi  manuring 
it  each  time. 

618.  It  is  dear  from  these  hints^  that  chemistry  alone  can 
give  to  the  farmer  a  knowledge  of  the  constituents  ci  his  soil^ 
of  the  constituents  of  the  plants  whidi  he  wishes  to  cultivate 
upon  this  soil,  and  of  the  substances  which  must  be  added  to  it 
in  order  that  the  plants  may  fmd  there  all  that  is  necessary  for 
their  nourishment.  Inducemait  enoi^h  is  herdiy  offered  to 
every  fanner  to  cultivate  a  mcure  intimate  acquaintance  with  this 
sdence,  as  the  only  guide  to  be  relied  upon  in  his  practical 
experiments  and  occupations. 


RETROSPECT  OF  VEGETABLE  MATTER  IN 
GENERAL. 

1.  While  a  plant  Hves,  a  constant  motion,  and  a  constant  re- 
ception, change,  and  evolution  of  certain  aeriform  and  liquid 
substances,  are  continually  taking  place  in  it  K  these  substances 
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^^^  wanting  to  the  plant,  its  growth  and  life  cease ;  we  there- 
^^•e  regard  them  as  food  for  the  plant. 

2.  These  substances  all  belong  to  the  inorganic  compounds ; 
'jhey  consist, — 

a.)  Of  a  combination  of  hydrogen  and  oxygen  (water). 
b.)  Of  a  combination  of  carbon  and  oxygen  (carbonic  acid), 
c.)  Of  a  combination  of  nitrogen  and  hydrogen  (ammonia). 
d.)  Of  inorganic  acids  and  bases  (salts). 

3.  From  these  substances  are  formed,  in  an  incomprehensible 
manner,  the  juices  of  the  plants,  and  from  these  the  individual 
parts  of  the  plants  (organs),  together  with  the  innumerable 
yegetable  substances  which  we  find  in  them. 

4.  The  yegetable  substances  may  be  classified  by  different 
methods.     We  may  classify  them, — 

I.  According  to  their  more  or  less  general  diffusion : 

a).  Into  such  as  occur  in  almost  all  plants;  for  instance, 
vegetable  tissue,  starch,  sugar,  gum,  mucus,  fats,  many  acids, 
chlorophyll,  albuminous  matter,  &c. 

b,)  Into  such  as  occur  only  in  certain  kinds  of  plants ;  for 
instance,  extractive  matter,  colouring  matter,  volatile  oils, 
resins,  many  acids,  organic  bases,  &c. 

II.  According  to  their  chemical  character : 
a,)  Into  vegetable  acids. 

b.)  Into  vegetable  bases. 

e.)  Into  indifferent  vegetable  matter. 

The  indifferent  combinations  predominate  in  the  vegetable 
and  animal  kingdoms,  the  acids  and  bases  in  the  mineral  king- 
dom. 

III.  According  to  ther  composition : 

a.)  Into  non-nitrogenotes  substances,  and  these : 

a.  into  those  rich  in  oxygen,  namely,  organic  acids,  &c. 
0.  into  those  rich  in  hydrogen,  namely,  fats,  volatile 

oils,  resins,  &c. ; 
y.  into  those  rich  in  carbon,  namely,  vegetable  tissue, 
starch,  sugar,  gum,  mucus,  &c. 
b.)  Into  nitrogenous  substances;  for  instance,  organic  bases, 
many  of  the  colouring  matters,  &c. 

c.)  Into  those  containing  nitrogen  and  sulphur;  for  instance, 
albumen,  gluten,  caseine,  &c. 

The  non-nitrogenised  compounds  predominate  in  the  vege- 
2h 
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table  kingdoQiy  the  nibrogenued  and  sulphurised  compounds  in 
the  animal  kingdom. 

5.  The  Teg<etable  sabstanoes  produced  by  nature  may  be 
transformed  and  decomposed  in  various  ways  into  new  com- 
binations.    They  may  be  changed^ — 
a.)  By  the  addiium  of  oxygen  %  as, 
a.  by  combustion  with  free  access  ci  air  (carbonic  acid, 

water,  nitrogen) ; 
/S.  by  decay  (humus,,  carbonic  add,  water,  ammonia,  acidi- 
fication of  spirituous  liquids,  and  of  other  vegetable  sub- 
stances; g^rass-bleaching,  &c.); 
y.  by  mere  exposure  to  the  air  (drying  fx  becoming  randd 

of  fats,  conversion  into  resin  of  the  volatile  oils,  &c.)  ; 
d.  by  evaporation  (the  becoming  brown  of  extracts,  Sec,) ; 
r.  by  the  action  of  nitric  add,  diromic  acid,  and  other 
bodies  rich  in  oxygen  (conversion  of  sugar  into  saodiaric 
add,  oxalic  add,  &c.). 
b.)  By  the  abstraction  of  oxygen  (reduction  of  indigo-Uue). 
cS  By  the  abstraction  of  hydrogen  (bleaching  with  dilorine). 
d.)  By  eombimng  with  suiphurous  aeid  (bleaching  with  this 
acid). 

e.)  By  the  abstraction  of  hydrogen  aud  oxygen  (transforma- 
iion  of  alcohol  into  ether  or  defiant  gas,  and  also  of  oxalic  acid 
into  carbonic  oxide  and  carbonic  and  by  sulphuric  acid ;  car- 
bonisation of  wood  by  sulphuric  add,  &c). 

/.)  By  the  addition  <f  hydrogen  and  oxygen  (putrefaction 
of  vegetable  matter  with  exchision  of  air,  as,  for  instance,  und^ 
water  ;  that  is,  the  conversion  of  vegetable  matter  into  carbonic 
add,  carburetted  hydrogen  [marsh  gas],  water,  ammonia,  mud, 
peat,  brown^coal,  pit>coal ;  conversion  of  starch  oc  sugar  into 
lactic  acid,  &c.). 

g,)  By  heating  with  exchision  of  air  (duuring  or  dry  dis- 
tillation of  wood,  of  coal,  of  the  fets,  of  the  acicU,  &c.,  that 
is,  their  conversion  into  carbonic  add,  carburetted  hydrogen 
[illuminating  gas],  water,  wood-vin^^  [empyreumatic  acids], 
ammonia,  tar  [burnt  oil,  burnt  redn],  creosote,  wood-chaicoal, 
coke,  &c.). 

A.)  By  the  peculiar  action,  not  yet  throughly  investigated, 
of  an  easily  decomposed  body  or  ferment  (vinous  fermenta- 
tion, that  is,  decomposition  of  sugar  iftto  alcohol  and  carbonic 
acid). 


».)  By  ^e  tmnspoftOon,  not  yet  explained,  of  one  vi^taUe 
substance  into  another  isomeric  (equally  constituted)  compound ; 
for  example, — ► 

a.  conversion  of  stardi  into  gum  and  sugar  by  sulphuric 

acid; 
/S.  conyersion  of  starch  into  g^m  and  sugar  by  diastase  ; 
y.  conversion  of  starch  into  gum  by  moderate  heating ; 
h.  conversion  of  cane  sugar  into  liquid  sugar  by  heating 

or  long  boiling  with  water ; 
€.  coagulation  of  albumen  by  heating,  Sec. 
k.)  By  &e  operaiion  ofitrong  bases  upon  vegetable  matter ; 
for  example, — 

a.  formation  of  cyanogen  (§  291)  ; 
^.  formation  of  ammonia  (§  232)  ; 
y.  formation  of  nitre  (§  207) ; 
d.  formation  of  soap  from  fats  (§  540). 
/.  By  the  action  oi  light  (formation  of  chlorophyll,  teaching 
of  colours,  &c.). 

These  are  only  a  few  of  the  more  important  metamorphoses 
of  vegetable  matter  as  yet  known  to  us ;  but  their  extent  is 
unlimited,  and  increases  every  dav,  since  extraordinary  industry 
and  zeal  are  now  devoted  to  the  mvestigation  of  this  particular 
d^Mfftment  of  chemistry. 


ANIMAL   MATTER. 

619.  The  chemical  processes  which  take  place  in  the  living 
animal  are  feur  more  mysterious  and  more  complex  than  even 
those  which  take  place  in  plants.  That  such  actions  really  do 
occur  in  the  animal  body,  who  can  doubt  ?  We  here  see  that 
which  peculiarly  characterises  these  processes,  the  conversion  of 
bodies  into  new  bodies  with  entirely  new  properties,  hr  more 
disdnctly  and  more  forcibly  than  in  plants  and  minerals.  For 
can  there  be  a  more  striking  metamorphosis  than  that  of  the 
constituents  of  the  egg  (albumen,  yolk,  and  egg-shell)  into  the 
constituents  of  the  young  bird  (flesh,  blood,  bones,  feathers, 
dsc)  ?  or  the  conversion  of  milk,  which  constitutes  the  sole 
nourishment  of  many  young  animals^  into  flesh,  blood,  &c.  ? 
That  chemical  force  alone  cannot  eflect  these  changes  has 
already  beeix  stated  in  die  earlier  part  of  this  work ;  it  is  merely 

2h2 
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the  instrument,  tbe  means,  which  the  Divine  Power  has  em- 
ployed, in  a  waj  as  yet  concealed  from  us,  to  form,  during  the 
life  of  the  yegetables  and  animals,  all  the  different  parts  of  the 
vegetable  and  animal  kingdom.  That  which  principally  dis- 
tinguishes animal  life  from  vegetable  life  is,  that  during  the 
former,  oxygen  is  incessantly  inhaled^  but  during  the  latter  it  is 
exhaled ;  and  also,  that,  with  the  exception  of  water  and  some 
salts,  org^ic  substances  only  are  appropriated  to  the  support  ci 
the  former. 

620.  The  chief  mass  of  vegetable  matter  consists  of  non- 
nitrogenous  substances,  consequently  of  substances  which  contain 
only  three  elements  ;  but  in  the  animal  body,  on  the  contrary, 
the  nitrogenous  and  sulphurised  substances  (albuminous  sub- 
stances), consequently  far  more  complex  combinations,  predomi- 
nate. Water  and  fat  are  almost  the  only  substances,  composed 
of  only  two  or  three  elements,  that  occur  in  the  animal  body ; 
all  the  others,  for  instance,  flesh,  cartilage,  blood,  hair,  nails, 
&c.,  are  rich  in  nitrogen,  sulphur,  and  also  in  phosphorus.  It 
is  also  characteristic  of  these  substances  that  they  do  not  assume 
a  crystalline  form  ;  we  fjid  crystalline  combinations — ^as,  for 
instance,  in  urine  (urea,  uric  acid,  <&c.) — in  those  animal  liquids 
only,  which,  being  unfit  for  assimilation,  are  ag^n  separated 
from  the  body.  Most  animal  substances,  when  viewed  und^ 
the  microscope,  exhibit  the  form  of  small  globules.  Accordingly, 
the  globular  form  is  the  fundamental  form  for  the  composite, 
more  highly  organised  types  of  the  animal  kingdom,  while  in 
the  more  simple,  lifeless  productions  of  the  mineral  kingdom, 
the  angular  form  (crystalline  form)  prevails.  In  the  vegetable 
kingdom,  holding  an  intermediate  position  between  the  two,  we 
find  both  forms,  namely,  the  globular  or  spherical  in  starch,  yeast, 
&c. ;  the  crystalline  in  sugar,  in  organic  acids,  bases,  &c. 

621.  The  elementary  matter  from  which  the  proximate  c(m- 
stituents,  and  from  which  again  the  organs  of  the  animal  body, 
are  formed,  is  exactly  the  same  as  that  which  occurs  in  the 
vegetable  kingdom,  namely,  oxygen,  hydrogen,  carbon,  nitro** 
geny  sulphur,  phosphorus^  and  chlorine;  and  the  metallic 
substances,  Ume,  potassium,  sodium,  and  iron.  These  must  be 
introduced  into  the  animal  body  in  order  that  it  may  grow  and 
live.  How  this  happens  may  be  shown  most  simply  in  the 
constitution  of  the  egg  and  of  milk. 
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I.   THE  EOO. 

The  ^ggy  as  is  known,  consists  of  the  albumen^  the  yolky  and 
the  shell. 

622.  A&umen, — The  white  in  the  hen's  egg  consists  of  cells, 
in  which  is  contained  a  colourless  alkaline  liquid,  the  albumen. 
On  evaporation,  we  obtain  from  it  one-eighth  of  solid  albumen ; 
the  rest  is  water.  When  burnt,  it  leaves  behind  common  salt, 
carbonate,  phosphate,  and  sulphate  of  soda,  and  phosphate  of 
lime.  That  albumen,  when  brisklj  beaten  up,  yields  a  porous 
light  froth,  that  it  becomes  insoluble  and  coagulates  by  heating, 
^.,  are  well  known  facts.  On  account  of  the  latter  pro- 
perty, it  is  used  for  clarifying  turbid  liquids,  especially  saccharine 
juices. 

Experiment, — Stir  up  some  honey  in  warm  water,  add  a 
little  albumen  to  the  turbid  solution  obtained,  and  heat  the 
mixture  to  boiling.  The  albumen  seizes  upon  the  foreign  sub- 
stances floating  in  the  liquid,  bears  them  to  the  surface,  and 
incloses  them  within  itself  as  it  coagulates ;  the  liquid  thereby 
becomes  clear  and  transparent,  and  may  be  separated  by  a 
strainer  from  the  coagulated  albumen. 

The  constituents  of  animal  albumen  are  just  the  same  as 
those  of  vegetable  albumen.    (§  477.) 

623.  The  yolk  of  eggs  consists  of  albumen  holding  in  sus- 
pension yellow  drops  of  oil.  On  account  of  the  albumen  con- 
tained in  it,  it  coagulates  when  heated,  and  the  fat  (oil  of  the 
yolJc  of  eggs)  may  be  extracted  from  it  by  strong  pressure,  or 
by  agitation  with  ether.  Phosphorus  is  contsdned  in  the  oil  of 
jolk  of  eggs. 

624.  Egg'shells. — Experiment, — ^Pour  some  diluted  muriatic 
acid  upon  some  egg-shells ;  with  the  exception  of  some  mem- 
brane, they  will  entirely  dissolve,  with  the  evolution  of  gas. 
The  gas  which  escapes  is  carbonic  acid ;  but  lime  is  contained 
in  solution  in  the  muriatic  acid,  as  we  may  ascertain  by  the 
addition  of  sulphuric  acid,  which  throws  down  sulphate  oi  lime 
from  it.  The  shells  have  accordingly  the  same  constitution  as 
chalk, — namely,  they  consist  of  carbonate  of  lime. 

There  are  in  the  egg-shells  small  pores,  through  which  the 
air  penetrates  into  the  interior  of  the  Qg^^  and  gradually  effects 
a  cnange  (putrefaction)  of  the  latter.  If  these  openings  are 
stopped  up, — ^for  instance,  by  packing  the  eggs  in  ashes,  or  by 
smearing  them  with  oil, — the  eggs  will  keep  much  longer  un- 
changed, as  the  penetration  of  the  air  is  thus  prevented. 
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H.  MIXK. 

Milk  ^QQtisti  of  a  •olutioa  ctf  eaieiue  and  Mf^utr  o^  nit£l  in 
"water,  in  which  solution  small  globules  of  oil  are  held  suspended. 
The  latter  render  the  milk  opaque>  and  give  it  the  appearance 
of  an  emultton, 

62&  J%€  Oa^Globuks.^JS3iperimmU.—  TheBe  globules 
cannot  be  senarated  from  the  milk  by  filtration  alone^  as  thejr 
are  so  small  that  they  pass  with  it  through  the  pores  of  tiie 
finest  paper;  but  it  may  be  accomplished  in  the  following 
mannw.  l^ssdYe  an  ounce  cf  Glauber  salts  and  a  couple  c£ 
grains  of  carbonate  of  soda  in  half  an  ounce  of  lukewarm  water, 
and  agitate  the  solutico  with  half  an  ounce  of  firesh  milk.  If 
you  now  transfer  this  mixture  to  a  filter,  the  fatty  portions 
(cream)  reotain  behind,  while  a  liquid,  only  slightly  opalescent, 
passes  through.  The  saline  solution  added  does  not  act  die- 
mioally  upon  the  constituents  of  the  milk,  but  it  only  a<^ 
mechanically,  caumng  the  globules  to  form  a  more  compAci 
mass,  and  to  be  more  readily  separated  firom  the  watery  liquid. 

626.  Cas$iHe,^^JSgcperim&iit^^^li  you  add  to  the  filtered 
liquid  a  few  drops  of  muriatic  acid,  the  o^aein$  sej^utites  from 
it  as  a  white  flaky  mags ;  accordingly,  the  animal  cas^e  is 
likewise  coagulated  and  rendered  insoluble  by  acids  in  the  same 
manner  as  vegetable  caseine  (§  452),  witn  which  it  exactly 
agrees  in  constitution.  Pure  caseine  is  insoluble  in  water,  hit 
it  dissolves  in  it  when  alkalies  are  present ;  these  always  exist 
in  the  milk»  and  keep  the  caseine  in  sduticm.  The  alkali  (soda) 
is  withdrawn  fircnn  the  caseine  by  the  acids  which  are  added,  and 
the  caseine  then  separates  in  the  familiar  form  of  mw  chcese> 
Caseine  is  an  albuminous  substance^  that  is,  it  contains,  besides 
carbon,  hydrogen,  and  oxyg^,  also  some  mtrog&ik  and  su^kmr 
in  its  constitution. 

627.  Alhumen^'-^Exp€r%m€nt''^J£  you  filter  the  caseine  from 
the  liquid,  and  then  boil  the  latter,  it  again  becomcA  turbid, 
although  less  so  than  b^ore^  It  is  the  Mtmktn  which  s^- 
rates,  small  quantities  (^  it  beixxg  present  in  all  milk. 

628.  Uxpeiriment.'^lL^i  a  small  piece  of  the  dried  membrvie 
of  the  st<^ach  oi  a  calf  (rmnet)  remain  standing  one  night  in 
a  spoonful  of  water,  and  afterwards  pour  this  water  xxptm  a 
quart  of  new  nnlk ;  the  milk,  after  having  stood  for  some  bows 
in  a  warm  place,  wUl  coagulate  into  a  gelatinous  mass,  whidi  is 
to  be  put  upon  a  filter*     What  remams  behind  consists  of  an 


imx.  487 

in^niAte  mixture  oi  the  enrdted  cosetne  wiih  giobules  of  ftU^ 
By  pressmg  and  drying,  we  obtain  firom  it  the  so-called  cream- 
or  new-milk  cheese  (Swiss,  Dutch,  Cheshire,  hc*^  cheese). 

629.  Sttgar  of  Milk, — Experiment — Separate  the  filtered 
Uqnid  {sweet  whey)  from  its  albumen  hy  boiling,  and,  having 
a^idn  filtered  it,  evaporate  until  only  a  few  ounces  of  it  remain. 
If  left  in  a  warm  place,  hard,  prismatic  wlute  erystala  of  svpa^ 
cf  tnUk  will  be  deposited.  (§  473.)  By  this  method  sngar  of 
milk  is  procured  in  Switzeriand  on  a  large  scale.  Ccmsequently 
the  sweet  whey  is  to  be  regarded  prindpally  as  a  solution  ci 
sugar  of  milk  (together  with  some  albumen  and  some  salts)  in 
water. 

Experiment — Dissolye  again  in  water  ihe  sugar  of  milk  ob« 
tained,  and  put  a  piece  of  rennet  in  the  solution ;  the  liquid  wiU 
socm  become  sour  in  a  warm  place,  because  the  sugar  of  milk 
is  converted  into  laette  acid, 

630.  JEaeperiment, — The  coagulation  of  the  milk,  which  was 
produced  by  the  rennet  in  a  few  hours,  is  effected  instttfita* 
neonsly  by  the  addition  of  acids^  as  is  rendered  obvioia  by  add- 
ing a  few  drops  <^  some  acid  to  heated  milk.  In  this  curdled 
mass  are  contained  all  the  cas^e  and  fitty  partidet  of  the  milk 
(cheese  and  butter). 

631.  Experiment — ^Fill  a  bottle  with  fresh  milk,  close  it,  and 
keep  it,  inverted,  from  twenty-four  to  thirty-ra  hours  in  a 
eool  place;  then  loosen  the  stopper  a  little^  so  that  the  lower, 
thinner  portion  of  the  milk  {blue  or  skim  mUk)  may  run  off^ 
but  the  upper,  thicker  part  {cream)  remun  behind.  Chi  stand- 
ing, the  Hghter  oil-globules  of  the  milk  ascend,  and  form  on 
the  surface  the  weU-known  fat^,  thick  cream.  If  this  is 
shaken  for  some  time,  the  membranes  of  the  oil-globules  are 
torn,  and  the  latter  then  unite  together,  forming  masses  of 
butter.  The  thin  milk  which  passes  off  from  beneath  may  be 
separated,  in  the  way  ahready  described,  into  caseine,  albumen, 
and  sugar  of  milk. 

Butter,  like  the  vegetable  fats,  consists  of  a  solid  £it  {mar" 
garine)  and  a  fluid  {oleine),  and  it  has  also  exactly  the  same  pro- 
perties. (§  533.)  But  besides  these  two  kinds  of  fat,  butter 
contains  a  small  qiiantity  of  a  peculiar  fat  (hut^ne).  If  butter 
remains  exposed  some  time  to  the  air,  some  vdiatile  fid;  acids 
having  a  disagreeaUe  smdl  and  taste  wiH  be  generated  in  it ; 
these  cause  the  rancidity  of  butter.     If  butter  that  has  become 
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rancid  is  boiled  several  times  with  double  its  quantity  of  water, 
these  acids  will  be  removed  from  it,  and  the  butter,  on  cooling', 
will  have  regained  its  agreeable  flavour. 

632.  If  vou  let  milk  stand  for  some  time  in  open  vessels j  its 
sugar  of  milk  is  gradually  converted  into  lactic  acid,  and  this, 
like  every  other  acid,  causes  a  curdling  of  the  milk,  and  at  the 
same  time,  its  well-known  sour  taste.  But  the  curdling  first 
commences  afler  most  of  the  oil-globules  have  collected  on  the 
surface  (sour  cream).  From  this  cream,  butter  is  most  usually^ 
prepared  with  us,  and  therefore  the  buttermilk  remaining  (a 
mixture  of  curdled  caseine,  lactic  acid,  and  water,  with  some 
particles  of  butter  remaining  behind)  has  an  acid  taste.  The 
so-called  curd  beneath  the  cream  now  contains  only  traces  of 
i&t,  and  consists  accordingly  of  water,  lactic  acid,  and  coagu- 
lated caseine.  By  pressing  we  obtain  from  it  the  sour  whey^ 
and,  as  a  residuum,  the  coagulated  caseine,  from  which  our 
common  skim-milh  cheese  is  made.  When  kept  damp  this 
undergoes  a  decomposition  (putrefaction),  by  which  ammonia  is 
generated,  which  forms  with  the  caseine  a  soft  saponaceous 
mass.  If  the  putrefaction  advances  still  farther,  there  will  be 
finally  generated  also  volatile  compounds  of  a  very  offensive 
odour  (sulphuretted  hydrogen,  volatile  fatty  acids,  &c.). 

633.  Fermentation  of  Milk,  —  Experiment,  —  Let  milk 
stand  in  a  bottle  till  it  begins  to  curdle,  and  then  put  the  bottle 
furnished  with  a  tube  for  the  evolution  of  gas  (Fig.  188)  in  a 
place  the  temperature  of  which  ranges  from  75°  F.  (24°  C.)  to 
86°  F.  (30°  C.)  A  brisk  ebullition  of  carbonic  acid  will  com- 
mence, because  the  sugar  of  milk,  which  has  not  yet  passed 
into  lactic  acid,  is  converted,  at  a  higher  temperature,  first  into 
grape  sugar,  and  then  into  alcohol  and  carbonic  add.  But 
there  is  also  formed  at  the  same  time  some  butyric  acid,  which 
imparts  a  disagreeable  taste  to  the  spirit,  obtained  by  the  dbtil- 
lation  of  the  fermented  liquid  after  it  has  been  strained  and 
squeezed  off.  The  koumiss  prepared  by  the  Calmucs  is  a 
liquor  obtained  by  the  fermentation  of  mare's  milk. 

634.  Ashes  of  Milk. — If  milk  is  burnt  witii  access  of  air, 
there  remain  behind,  after  all  its  carbon,  hydrogen,  oxygen,  and 
nitrogen  have  been  converted  into  aeriform  combination,  ashes, 
which  consist  of  potassa,  soda,  lime,  magnesia,  and  sesquioxide 
of  iron,  and  also  of  phosphoric  acid,  sulphuric  acid,  and 
chlorine. 
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635.  Dtgeftum. — If  we  reconsider  the  constituents  of  the 

egg  and  the  milk,  as  just  stated,  we  find  in  {hem  the  following 

elementary  suhstanoes : 

The  egg  consists  <^  Milk  consists  of 

Water         =  HTO.  W»ter  =  H,  0. 

Oil  of  eggs  =  H,  0,  C,  P.  Butter  >       vt  n  n 

Albumen     =  H,  0,  C,  N,  S,  P.  Sugar  of  milk  J  ^  ^»  "»  ^' 

2SSS'4         =H,0,C,N,S,P. 
Shell  and  other  inor-  }  Ca,  Na,  K.  Fe,    Inorganic  sub-  )  =  Ca,  Na,  K,  Mg,  Fe, 
ganic  substances   j  P,  S,  CI,  0.  stances       J  P,  S,  CI,  0. 

But  exactly  the  same,  and  the  same  only,  elementary  sub- 
stances are  found  also  in  the  animal  body ;  accordingly,  it  must 
be  concluded  that  the  constituents  of  the  hen's  egg  are  used, 
in  the  hatching  of  the  egg,  for  the  development  of  the  young 
ichicken,  and  me  constituents  of  the  milk  which  forms  the  food 
of  the  young  mammalia  are  used  for  the  growth  and  nourish- 
ment of  the  latter.  It  is  the  same,  also,  with  the  constituents 
of  the  vegetable  and  animal  substances,  which  serve  us  stsfood. 
The  food  is  mixed  up  in  the  stomach  with  the  gastric  juice  (a 
liquid  containing  free  muriatic  acid  and  common  salt,  whidi 
liquid  is  secreted  by  the  inner  skin  of  the  stomach, — mucous 
membrane),  and  is  thereby  softened  into  a  soluble,  white,  pulpy, 
mass  (chyme).  The  muriatic  acid  is  likewise  formed  by  a  de- 
composition of  common  salt  taking  place  in  the  body,  and  it  is 
indispensable  for  the  solution  (digestion)  of  the  food.  The 
explanation  of  this  action  is,  that  water,  rendered  feebly  acid 
by  muriatic  acid,  is  able  (after  it  has  been  previously  left  in  con- 
tact for  a  day  with  a  piece  of  rennet)  to  dissolve,  at  a  tempera- 
ture of  from  86°  F.  (30°  p.)  to  104°  F.  (40°  C),  hard-boiled 
albumen,  flesh,  and  other  food.  All  of  the  chyme  which  has 
become  soluble  is,  during  its  passage  through  the  intestines, 
absorbed  and  introduced  as  nourishment  (chyle)  into  the  blood. 
The  changes  which  the  food  experiences  in  tne  animal  body  are 
therefore  the  following :  from  the  food  is  formed  chyme,  from 
this  chyle,  from  this  blood,  and  from  the  blood  all  the  numerous 
organs  and  parts  of  the  animal  fcody  are  generated,  just  as  all 
the  organs  and  parts  of  plants  are  generated  frt>m  the  vegetable 
sap. 

in.   THE  BLOOD. 

Like  milk,  the  blood  also  consists  of  a  liquid  as  clear  as  water, 
in  which  small  globules  are  held  suspended ;  but  these  globules 
(blood  corpuscles)  have,  however,  a  yellowish-red  colour. 
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636.  JBu^MrimefU, — ^If  yon  lei  the  fak)od  of  an  aabnal  remain 
standing  quietly  in  a  yeeeel,  it  willy  in  a  short  time,  undergo  a 
change  ;  it  coagulates,  forming  a  dark-red  jellj  (ebty  coiMguimm), 
which  contracts  on  longer  standing,  and  a  jdlowish  Hquid  is 
separated  (serum).  When  the  latter  is  heated  to  boiling,  it 
coagulates  to  a  ^ite  jelly ;  the  serum  consists  of  a  solution  of 
albumen.  There  are  two  substaaces  combined  together  in  the 
coagulum,  one  of  which  dissolves  by  long  washing  in  water,  com- 
municating to  it  a  red  colour  {colouring  mcUter  of  the  blood, 
the  principal  constituent  of  the  blood  corpuscles),  while  the 
other  remains  behind  as  a  white  fibrous  mass  (animal  Jibrine), 
Accordingly,  the  most  important  proximate  constituents  of  the 
blood  are  .water,  albumen,  blood  corpuscles,  and  animal  fibrine, 
which,  on  the  standing  of  the  blood,  are  transposed  in  the  fol- 
lowing manner : 

From            Water,  Albamen,         Blood  Gorposdes,  Fibrine, 
v^ , .  > , f 

areibrmed  Semm         aad  Goagokiin. 

It  is  a  distinguishing  peculiarity  of  the  colouring  matter  of 
the  blood,  that  it  always  contains  iron. 

637.  Experiment. — If  the  blood  freshly  drawn  from  the  veins 
is  beaten  up  during  cooling,  it  does  not  coagulate ;  the  jftbrme 
certidnly  becomes  also  insoluble,  but  exists  as  a  thread-like  co- 
herent mass,  which,  when  kneaded  for  some  time  with  water,  be- 
comes finally  white,  and,  after  drying,  resembles  the  muscular 
fibre.  Indeed,  it  inay  be  regarded  as  half-formed  fiesh,  since  it 
has  entirely  the  same  composition,  and  the  fiesh  of  the  animal 
body  is  formed  from  it  The  blood  remaining  behind  retains, 
after  the  separation  of  the  fibrine,  its  red  colour,  and  coagulates 
on  boiling  to  a  jelly  of  a  dark-red  colour,  as  may  be  perceived 
in  the  so-called  black-puddtngs.  The  metamorphosis  of  the 
blood  just  treated  oi  is,  accordingly,  as  follows : 

Water,  Albamen,  Bkod  Corpuscles  Fibrine 

V , f 

remain  liquid.  becomes  sofid. 

Fibrine  belongs  to  the  albuminous  substances  ;  it  is  very  ridb 
in  nitrogen,  and  contiuns  also  sulphur  and  phosphorus  in  organic 
combination. 

638.  The  Ashes  of  Blood. — If  blood  is  evaporated  to  dry- 
ness, and  heated  for  a  long  time  in  the  ur,  it  will  finally  burn 
away,  wi^  the  exception  of  some  ashes.  These  ashes  conskt 
of  alkaline  phosphates  (much  soda,  little  potassa),  phoqihatesof 
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tbe  alkaKne  earths  (lime,  magnesia),  phosphate  of  the  sesqui- 
oxide  of  iron,  common  salt,  and  the  alkaline  sulphates ;  conse* 
quoitly  of  the  same  constituents  which  we  find  in  the  ashes  of 
our  principal  articles  of  food  (eggs,  milk,  bread,  dbo.).  In 
ibe  vegetable  kingdom  we  find  Siese  ash*constituents  most 
abnndant  in  those  vegetable  parts  which  are  rich  in  albuminous 
matter,  especially  in  the  seeds  of  our  com  and  leguminous 
plants. 

639.  Respiration  and  Food. — As  long  as  an  animal  lives, 
its  blood  is  in  a  state  of  constant  motion  and  of  constant 
ehange,  Ugbt-red  blood  streams  out  from  the  heart,  through 
the  arteries,  into  all  parts  of  the  bod j,  from  whidi  it  returns, 
darker  coloured,  through  the  veins,  back  again  to  the  heart 
But  before  the  latter  blood  recommences  its  circulation,  it 
is  propelled  through  the  lungs,  in  which  it  comes  in  imme- 
diate contact  with  the  inhaled  air,  and  by  means  of  which  it 
experiences  a  most  remarkable  change.  When  in  contact  with 
tbe  air,  the  daric  venous  blood  is  converted  again  into  light-red 
arterial  blood,  and  thereby  the  air  loses  a  part  of  its  free 
o^eygm,  and  receives  in  return  carboMC  acid  and  watery 
vapour;  the  exhaled  air  is  accordingly  poor  in  oxygen,  but 
rich  in  carbonic  acid  and  vapour.  This  <diange  of  the  air  is 
obviously  very  much  like  that  whidi  the  air  undergoes  by  the 
process  of  combustion ;  for  in  this  case^  too,  its  free  oxygen  is 
converted  into  carbonic  acid  and  water.  Indeed,  this  similarity 
is  rendered  still  more  apparent,  when  we  confer,  moreover, 
that  heat  heamMsfree  also  in  the  animal  body,  as  long  as  it 
lives  and  breathes,  and  that  the  food  received  into  it,  like  wood 
in  the  fire,  entirely  disappears,  with  the  exception  of  a  small 
portion  which  passes  off  in  the  form  of  excrements.  Its  disi^p- 
pearanoe  takes  place  in  exactly  the  same  way  as  that  of  wood, 
with  which  we  heat  our  apartments;  this  disappearance  is 
caused  by  a  change  of  the  food  into  aeriform  combinations, 
into  carbonic  acid  and  vapour,  which  are  partly  exhaled  by  the 
lungs,  and  partly  evaporated  from  the  skin. 

For  this  purpose,  as  it  seems,  non-nitrogenous  food,  namely, 
starch,  sugar,  gum,  fat,  lactic  acid,  and  other  organic  acids,  beer, 
wine,  &c.,  are  principally  employed,  and  are  therefore  called 
elements  of  respiration. 

It  is  different  with  those  substances  which  ccMitain  nitrogen, 
aolphur,  and  pho^orus;  these  serre  for  the  production  of 
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blood,  the  constituents  of  which  are  the  same.  These  sub- 
stances, albumen,  fibrine,  &c.,  afterwards  pass  inth  the  blood 
into  all  parts  of  the  animal  body,  and  are  transformed  into 
flesh,  nerves,  muscle,  hair,  nails,  &c.  For  this  reason,  thej 
have  been  called  the  plastic  elements  of  nutriHon.  Those  ni- 
trogenous, sulphurised,  and  other  substances,  sudi  as  salts,  whick 
can  no  longer  be  used  in  the  animal  body,  are  removed  firom  it 
again  by  the  solid  excrements  and  the  urine. 

IV.    THE  FLESH. 

What  is  commonly  called  meat  (muscle)  is  likewise  (see 
§  637)  animal  Jibrine  or  muscular  fibre.  In  this  form  it  con- 
sists of  bundles  of  6ne  fibres,  which  are  interwoven  with  cellular 
tissue,  nerves,  and  vessels,  and  are  thoroughly  penetrated  with  a 
watery  liquid,  the  so-called  juice  of  flesh. 

640.  Juice  of  Flesh, — Eccperiment, — Mince  a  quarter  of  a 
pound  of  lean  meat  very  fine,  pour  over  it  a  quarter  of  a  pound 
of  water,  and,  after  letting  it  stand  fifteen  minutes,  press  out 
the  liquid  through  a  linen  cloth ;  pour  over  the  residue  the 
same  quantity  of  water,  squeeze  out  the  liquid,  and  mix  this 
with  the  former  liquid.  In  the  reddish  juice  are  contained 
almost  all  the  soluble,  and,  at  the  same  time,  all  the  savoury 
and  odorous  constituents  of  the  flesh.  If  this  juice  is  heated  to 
140°  F.  (60°  C),  a  frothy  mass  separates  from  it,  which  con- 
sists of  coagulated  albumen.  When  the  liquid  filtered  off  from 
this  is  boiled  for  some  time,  a  turbidness  again  ensues,  which  is 
caused  by  the  colouring  matter  and^ftn«c(§  636)  of  the  blood 
simultaneously  extracted  from  the  flesh,  which  likewise  coagulate 
at  a  boiling  heat.  The  acid  broth  now  remaining  behind  contains 
free  phosphoric  and*  lactic  acids,  phosphate  and  lactate  of  the 
alkalies  (much  potassa,  little  soda),  phosphate  of  magnesia, 
together  with  several  organic  matters,  a  crystalline,  indifferent 
organic  body  (creatine)^  and  a  crystalline,  basic,  organic  body 
(creatinine)  f  neither  of  which  has  been  yet  thoroughly  investi- 
gated. By  evaporation  the  broth  becomes  yellow,  and  finally 
brown ;  if  evaporated  to  dryness,  a  dark  brown  soft  mass 
(extract  of  flesh)  remains  behind,  half  an  ounce  of  which  is 
sufficient  to  convert  one  pound  of  water,  to  which  some  common 
salt  has  been  added,  into  a  strong  and  savoury  soup. 

641.  Muscular  Fibre, — Experiment, — If  you  boil  the  fleshy 
residue  left  after  the  former  experiment  with  water  for  some 
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bouTSi,  you  obtain  a  liquid  which  coagulates  in  the  cold  to  a 
jelly,  aiid  consists  principally  of  a  solution  of  gekUine  ;  the  fat 
floating  on  the  sniface  proceeds  from  the  tallow,  or  fat  of  the 
flesh.  What  remains  is  muscular  fihrcy  a  milk-white,  hard, 
tasteless,  and  inodorous  fibrous  mass ;  in  this  hardened  state  it 
18  di£Gicultly  digestible,  and  but  slightly  nutritious. 

The  annexed  grouping  gives  an  approximative  idea  of  the 
quantitative  composition  of  the  flesh.  From  one  thousand 
pounds  of  beef  were  chained, — 

a.)  By  extraction  with  water  (consisting  one  half 

of  albumen)     ......  60  lbs. 

h,)  By  five  hours'  boiling  with  water  (consisting 

chiefly  of  gelatine)         .         .         .         .  6  " 

c.)  Lean,  juiceless,  and  tastelessi  muscular  fibre       .  164  " 

d.)  Fat  or  tallow             20  " 

e.)  Water 750  « 

1000  lbs. 

642.  BoUtng  of  Meat — To  obtain  by  boiling  an  excellently 
tender,  savoury,  and  nutritious  meat,  care  must  be  taken  that 
the  juice  of  the  flesh  is  not  extracted  from  the  flesh  during  boiling, 
but  remains  in  it,  and  that  the  boiling  is  not  continued  too  long. 
K  the  aUmmen  contained  in  the  juice  remains  in  the  interstices 
of  the  muscular  fibres,'  a  tender  roast  or  boiled  meat  is  obtained ; 
but  if,  during  the  boiling  or  roasting,  the  juice  goes  into  the 
broth  or  gravy,  then  the  meat  becomes  tough  and  hard.  It  is 
best  to  put  the  meat  to  be  boiled  into  boiling  water,  continue 
the  boiling  for  a  few  minutes,  and  then  let  it  stand  for  some 
hours  on  some  part  of  the  fireplace,  where  the  temperature  is 
about  158*"  F.  (70°  C.)  In  this  way  the  albumen  in  the 
external  layers  of  the  meat  is  immediately  coag^ated  by  the 
boiling  water,  and  forms,  in  this  coagulated  state,  a  coating 
which  prevents  the  escape  of  the  juice,  and  likewise  the  pene* 
tration  of  the  external  water  into  the  interior  of  the  meat. 

643.  Preparation  of  Broth  or  Soup, — We  must  proceed 
in  just  the  opposite  way  if  we  wish  to  obtain  i^  good  and  abun- 
dant soup  jfrom  the  meat.  To  effect  this,  mince  the  meat  fine, 
mix  it  uniformly  with  an  equal  weight  of  cold  water,  heat  it 
slowly  to  ebulhtion,  let  it  boil  for  a  few  minutes,  and  finally 
strain  off*  and  squeeze  out  the  liquid.    By  adding  to  this  liquor 
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iome  common  salt,  and  other  ingredients  with  which  soups  are 
eommonl J  seasoned,  and  then  colouring  it  somewhat  darker  with 
onions  burnt  brown,  or  with  burnt  sugar,  to  giye  it  the  ordinary 
&TOurite  brownish  colour,  we  obtain  the  best  soup  which  can, 
be  prepared  from  *  g^yen  Quantity  of  meat.  Hitherto,  it  has 
been  ti>equently  assumed  tiiat  geladne  £:mned  the  most  ini'^ 
portant,  most  characteristic  constituent  of  meat-soup ;  hot  this 
is  a  mistake,  since  the  gelatine  itself  is  quite  tasteless,  and 
forms  but  a  very  insignificant  part  of  the  soup.  And  for  this 
reason,  the  so-called  portable  soup  prepared  in  England  and 
France  cannot  constitute  a  really  gooA  meat-soup. 

644.  Salting  of  Meat. — A  universally-known  method  of  pre^ 
serving  meat  is  to  salt  it  down,  that  is,  to  rub  into  it  and  strew 
over  it  some  common  salt,  and  let  it  remain  piled  up,  or  pressed 
together,  for  some  time.  The  common  salt  extracts  frooi  one 
third  to  one  half  of  the  juice  of  the  meat,  dissolves  in  it,  and  £orms 
with  it  the  so-called  brine.  Since,  consequently,  a  large  portion 
of  the  nutritive  albumen,  and  of  the  lactates  and  phosphates 
essential  to  digestion  and  nourishment,  and  also  of  the  creatine 
and  creatinine,  are  removed  with  this  brine  from  the  meat,  the 
latter  must  lose  in  nutritive  power,  and  it  is  not  improbable  that 
this  is  the  reason  why  a  long-continued  diet  of  salt  meat — as 
during  sea- voyages— is  followed  by  scurvy  and  other  maladies. 
Hence,  it  would  be  better  not  to  let  the  salting  of  the  meat 
continue  till  brine  is  formed. 

y.   THE  BILE. 

645.  The  hOe  separates  in  the  liver  from  the  venous  blood;  it 
consists  of  a  thickish,  gTcenish-yellow  liquid,  and  possesses  a 
very  bitter  taste.  Its  chief  constituents  are  choteic  add  and  soda^ 
which,  combined  with  each  other  have  a  saponaceous  character. 
If  you  shake  up  bile  with  water,  the  solution  froths  like  soap* 
suds ;  it  abo  comports  itself  like  this  towards  greasy  substances, 
and  therefore  is  frequently  used  for  washing  silks,  which,  by  ths 
application  of  soap,  would  lose  their  colour.  The  dried  gall- 
bladder of  the  caip,  with  its  contents,  forms  an  article  of  commerce. 

Experiment — Dissolve  a  little  carp-gaU^  or  some  drops  of 
fresh  ox-gall,  in  a  little  water,  and  add  gmdually  to  the  solution 
suflGicient  common  sulphuric  acid  to  entirely  redissolve  the 
precipitate  formed ;  if  you  now  add  a  few  arops  of  sugared 
water,  or  thin  starch-paste,  the  liquid,  unless  remlered  too  hot 
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by  the  addition  of  sulphuric  acid,  assumes  a  splendid  violet- 
coloar.  In  Uus  way,  extremely  small  quantities  of  sugar  or 
starch,  or^  inTersely,  of  bile,  may  be  detected. 

YI.    THE  SKIN. 

646.  The  entire  body  of  animals  is  externally  surrounded 
by  the  solid  elastic  skin,  which  consists  of  a  thick  tbsue  of  cells, 

Tis  217  between    which    are    small    openings 

(pores).  The  annexed  figure  repre- 
sents a  piece  of  human  skin  about  the 
size  of  a  lentil,  as  it  appears  under  a 
I  powerful  magnifying-glass.  Partly  an 
oily  substance,  and  partly  the  watery 
perspiration,  together  with  some  carbonic 
add,  are  separated  from  the  body  tiirougfa 
the  pores. 

Experiment, — Put  a  piece  of  fresh  animal  skin  in  water ;  it 
swells  up  in  it  without  dissolving;  if  kept  for  some  time,  it 
undergoes  putrefactiTe  decomposition.  If,  however,  the  skin  is 
boiled  for  some  hours  with  water,  the  largest  part  of  it  dissolves, 
and  we  obtain  a  liquid  which,  on  ooo^ig,  coagulates  into  a 
tremuhusjeify.  When  dried,  this  forms  the  well-known  glue. 
The  skin  does  not  contain  glue  ready  formed,  but  a  tissue, 
which  is  only  transformed  into  glue  after  long  boiling,  and  has 
reoeived  the  name  o£  gelatinous  tissue, 

647.  Gelatinous  matter  forms  a  principal  constituent  of  the 
aaimal  body,  for  it  is  found  in  almost  all  uiose  parts  of  it  which 
do  not  belone  to  the  albuminous  substances ;  for  instance,  in  the 
inner  skin,  we  musdes,  the  tendons  and  ligaments,  the  bones, 
homs,  &c.  Its  composition  is  very  nearly  that  of  albumen  or 
animal  fibrine ;  like  these,  it  is  very  rich  %n  nitrogen^  and  con- 
tains also  some  sulphur,  but  it  is  distinguished  from  them 
essentially  by  its  properties,  and  its  behaviour  towards  other 
substances. 

Glue. — Common,  amorphous  carpenter's  glue  is  mostly  pre- 
pared from  refuse  skins  or  bones,  either  by  extraction  with  hot 
water,  or,  better,  by  steam  under  pressure.  The  concentrated  hot 
solution  is  then  allowed  to  settle,  and  the  thin  liquor  yields,  on 
cooling,  a  stiff  jelly,  which  is  cut  by  wires  into  thin  cakes,  and 
fdaced  to  dry  upon  packthread  nettings,  which  give  it  the  well- 
known  grooved  i^pearance. 
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Experiment — If  you  allow  glue  to  lay  in  c<Jd  water,. it 
swells  up  into  an  opaque  soft  mass ;  if  you  then  heat  it,  yoa 
obtain  a  complete  transparent  solution;  which,  even  when  a 
hundred  times  diluted,  stiffens  on  cooling.  The  application  of 
glue  as  an  adhesive  medium  is  well  known;  its  adhesiye 
power  is  much  increased  by  adding  to  it  white  lead  (Russian 
glue)  or  borax  (about  an  ounce  or  an  ounce  and  a  half  to  a 
pound  of  glue.) 

IHnglc^y  also,  is  one  of  the  gelatinous  substances.  This 
consists  of  the  inner  membrane  of  several  fishes,  particularly  of 
tiie  sturgeon,  which,  after  being  cleansed,  is  dried  and  brought 
into  the  market  in  the  form  of  plates,  or  of  sticks  twisted  into 
the  shape  of  a  horseshoe.  On  boiling,  a  colourless  or  inodorous 
gelatinous  solution  is  obtained  irom  it,  which  is  much  used 
as  an  adhesive  medium,  or  when  smeared  upon  taffety  as  court- 
plaster,  or  mixed  with  the  juices  of  fruits  and  sugar  for  the 
preparation  of  jellies. 

The  horns  of  the  deer  are  likewise  rich  in  gelatine,  and  on 
this  account,  when  rasped,  yield,  by  long  continued  boiling 
with  water,  a  liquid  which  stiffens  in  the  cold  (hartshorn  jelly). 

Small  quantities  of  gelatine  occur^also  in  broth  and  in  gravy, 
and  impart  to  them,  especially  to  the  latter,  the  properly  of 
stiffening  in  the  cold  to  a  tremulous  jelly. 

648.  Gelatine  and  Tanmc  Acid. — JEncperiment, — If  you 
pour  some  tincture  of  galls  upon  a  solution  of  gelatine,  or  upon 
a  decoction  of  meat,  you  obtain  a  flaky  precipitate,  a  combina- 
tion of  gelatine  with  tannic  acid,  which  is  insoluble  in  water, 
and  may  remain,  whilst  wet,  exposed  to  the  air  without  passing 
into  putrefaction.  For  tiiis  reason,  gelatine  is  an  excellent  means 
for  clarifying  liquids,  as  wine,  &c.,  from  any  tannin  that  they 
may  contain. 

But  this  action  of  tannic  acid  upon  gelatine  is  of  far  more 
importance,  as  it  may  be  used  for  converting  animal  skins  into 
leather.  The  gelatine  of  the  skin  is  altered  in  the  same  manner 
as  the  gelatine  in  the  experiment  was,  when  the  skins  are  padced 
in  layers  With  ground  oak  or  pine  bark  (tan)  in  vats,  and  al» 
lowed  to  remain  moistened  with  water  till  they  are  quite  saturated 
with  the  brown  tannin  of  the  bark  {tanning).  This  penetra- 
tion takes  place  more  rapidly  by  forcibly  pressing  liquids  con- 
taining tannin  into  the  skin  (quick'tamunff).  The  brown  sole 
and  upper  leather  consist,  accordingly,  of  cellular  tissue,  the 
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gelatine  of  which  has  become  intimately  combined  with  the 
tuinic  -acid  ;  it  is  now,  especially  when  it  is  saturated  with  oil 
or  fat,  pliable,  supple,  and  almost  impervious  to  water ;  nor 
when  moist  does  it  undergo  putrefaction. 

Skins  are  converted  in  another  manner  into  leather,  by  means 
of  certain  salts,  most  frequently  by  laying  them  in  a  solution  of 
alum  and  common  salt,  and  afterwards  working  them  with  fish- 
oil  and  other  fats  ;  the  leather  prepared  in  this  way  is  white,  and 
is  softer  and  more  supple  than  the  former  (tawing).  The  still 
softer  wash  or  chamois  leather  is  obtained  by  merely  working 
the  skins  a  long  time  with  fat.  In  this  way  the  Indians  also 
convert  the  skins  of  animals  into  soft  leather,  by  kneading 
them  with  the  brains  of  animals  steeped  in  hot  water,  until  the 
fat  contained  in  the  brains  has  been  absorbed  by  the  skin. 

If  the  softened  and  scraped  skins  are  stretched  in  frames, 
and  rubbed,  while  drying,  with  pumice-stone,  till  they  ttre 
quite  smooth,  the  thin,  translucent,  stiff,  and  elastic  parchment 
is  obtained  (Iiog-skin),  1^  rubbing  with  chalk,  the  parchment 
becomes  white  and  opaqiro,  by  smearing  with  white  lead  and 
varnish,  polished  and  smooth  (writing  parchment). 

649.  Before  the  animal  skins  can  be  subjected  to  either  of 
the  operations  just  described,  they  must  he  freed  from  the  hair. 
This  is  easily  done  by  scraping,  after  the  skin  has  been  decom- 
posed either  by  the  influence  of  moisture  and  heat,  or  by  caustic 
lime.  Sulphuret  of  calcium  may  also  be  used  for  this  purpose. 
(§405.) 

650.  Gelatine,  like  other  animal  substances  in  the  presence 
of  air  and  water,  very  readily  passes  into  decat/  or  putrefaction^ 
and  yields  thereby,  since  it  is  very  rich  in  nitrogen,  much  am- 
monia ;  therefore  it  will  not  appear  strange  that  it  powerfully 
promotes  the  growth  of  plants.  Its  effect  may  be  observed  in 
a  truly  surprising  manner  in  the  hyacinth,  if  it  is  occasionally 
watered  with  a  thin  solution  of  glue,  or  if  the  bulbs  are  sur- 
rounded with  horn-shavings  when  planted  in  the  earth. 

661.  If  gelatine  is  boiled  for  some  time  with  potassa  lye, 
there  is  formed  from  it,  together  with  some  other  products  of 
decomposition,  a  peculiar  substance,  crystallising  in  needles ; 
it  has  a  very  sweet  taste,  and  has  received  the  name  of  sugar 
of  gelatine,  or  glydcoll, 

652.  There  is  a  kind  of  gelatine  which  varies  somewhat  in 
its  properties  from  common  gelatine  ;  it  is  obtained  from 
young,  not  yet  fully  hardened  bones,  and  from  the  cartila- 
ginous parts  of  the  animal  body, — for  instance,  from  the  carti- 
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lages  of  the  windpipe,  of  the  nose,  &Ct, — ^by  long  b<Mlmg  inSx 
water.  This  kind  of  gelatine  has  received  the  spe^aL  nine 
of  chondrine, 

653.  Homv  Matter. — ^The  hair,  wool,  bri^leei,  feathew, 
nails,  claws,  hoofs,  horns,  scales,  &c.,  which  often  eovcur  Had 
skin  of  animals,  are  not  dissolved  bj  boiling  with  water  into 
gelatine ;  thev  very  much  resemble  the  latter  i^i  theu*  ocm** 
•titution,  as,  oesides  nitrogen^  they  contain  alao  9owk&  sol* 
phur.  Their  containing  sulphur  is  the  reason  wlijr  they 
oecome  black,  when  heated  with  a  solution  of  lead,  since  a 
dark  sulphuret  of  lead  is  formed.  Wool  consists  of  hollow 
yellowish  tubes,  coated  with  fiat.  By  washing  wi^h.  putrid 
urine,  or  soap-water,  the  fat  may  be  removed ;  bi^t  '^J,  sul^ 
phiu'ous  acid  the  yeUow  colour  is  converted  into  white 
(chlorine  is  not  applicable  to  the  bleaching  of  wool).  The 
fibres  of  wool,  as  weU  as  those  of  silk,  which  are  likewise 
of  animal  origin,  have  a  far  greater  affinity  for  cc^ouring 
matter  than  the  vegetable  fibres  of  linen  or  ^ttan  have; 
and  this  is  the  reason  why  wodldl  and  silk  stuffs  may  be 
more  easily  or  permanently  dyed  than  cotton  or  linen.  By 
boiling  with  lye,  all  the  above-named  animal  substances,  con- 
sisting of  horny  matter,  may  be  entirely  dissolved. 

Vn. — TOE  BONES, 

The  bones  forming  the  solid  skeleton  of  the  animal  body 
consist,  one-third  of  organic  gelatinous  matter,  and  two- 
thirds  of  inorganic  matter  (bone^arth). 

654.  Bone-ecvrth. — Eccpervment, — ^Put  a  pkce  of  beef^bone, 
which  has  been  weighed,  into  a  fire,  and  take  it  out  again 
when  it  has  entirely  recovered  its  white  cdour;  the  gela- 
tine  bums  away,  but  the  bone-earth  remains  behind.  The 
Jxyne  hwrnt  to  whiteness^  which  has  become  (me*third  lighter, 
consists  principally  of  phosphate  of  lime  mixed  with  some 
carbonate  of  lime  (magnesia,  fluoride  of  calcium,  and  chlo- 
ride of  sodium).  This  proportion  between  the  gelatine  and 
bone-earth  is,  however,  not  invariable;  it  varies  in  different 
animals,  and  indeed  even  in  one  and  the  some  animal,  ao> 
cordiug  to  its  age. 

665.  Bone-hlack, — Experiment, — ^If  yw  heat  a  b<Mje  for 
some  hours  in  a  crucible  which  is  well  covered  with  a  piece 
of  tile,  it  assumes  a  black  colour;  it  beccmiea  ^ontf-Uidk 
(ivory-black,  &c.).  As  the  air  in  such  cases  does  not  hate 
access  to  the  bone,  only  imperfect  combustion,  eharring  of 
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the  gelsiane,  takes  plaoe ;  the  bone-eari^,  intima^ielj  mixed 
urith  the  diareoal  which  is  formed,  remains  behind. 

Mmeriment. — If  you  add  some  diluted  muriaUc  acid  to  the 
bone-olaok,  and  let  it  remam  some  time  in  a  warm  place, 
the  bone-earth  will  be  dissolved,  and  the  charcoal  may  be 
separated  by  filtration,  washed,  and  dried.  Erom  one 
ounce  of  bone-black  only  half  or  three-fourths  of  a  drachm 
of  charcoal  is  obtained ;  but  this,  on  account  of  its  minute 
state  of  division,  possesses  such  a  remarkable  bleaching 
power,  that  one  ounce  of  bone-black  acts  far  more  power- 
fully than  the  same  quantity  of  wood-charcoal.  If  ammonia 
is  added  to  the  filtered  liquid,  the  dissolved  phosphate  of 
lime  is  again  precipitated  firom  it  as  a  white  powder,  because 
the  muriatic  acdd  is  neutralised  by  the  ammonia,  and  thereby 
loses  the  power  of  holding  the  bone-earth  in  solution. 

666.  JEaperiment, — Put  a  bone  in  a  glass  vessel,  and  pour 
over  it  some  diluted  muriaiic  acid;  the  bone  will  graduaUjr 
become  soffc  and  transimrent,  and  finally  pass  into  a  carti- 
laginous transpas^it  vmB.  JUhe  way  in  which  the  muriatic 
acid  acts  is  obvious  from  the  former  experiment ;  it  dissolves 
the  bone-earth,  and  the  gelatinous  matter  remains  behind, 
since  it  is  insoluble  in  muriatic  acid  and  in  water.  If  the 
latter  is  taken  &om  the  add,  and,  after  having  been  washed,  is 
boiled  ioT  some  time  with  water,  it  is  transformed  into  gelatine, 
and  a  solution  is  obtained  which  coagulates  on  cooling;.  This 
method  is  employed  in  many  factories  for  preparing  glue 
from  bones.  The  acid  solution  of  bone-earth  makes  an  ex- 
ccdlent  manure.  That  bone-earth  is  really  dissolved  in  the 
acid  is  readily  ascertained  by  th^  addition  of  ammonia. 

657.  On  hoilinff  hones  with  Vftter,  in  luidition  to  the  fat 
present  in  all  bones,  the  gelatine,  situated  in  the  external 
portions  only,  is  extracted;  but  the  whole  of  the  gelatine 
may  be  removed  if  the  boiling  is  performed  in  air-tight 
vessels,  as  in  this  case  the  water  is  forced  by  the  increased 
pressure  into  the  interior  of  the  bones.  Steam,  also,  under 
great  pressure,  operates  in  the  same  wav.  Glue  is  prepared 
(m  a  large  scale  by  both  of  these  methods. 

658.  Bone-dust. — XJnburnt  bones  ground  to  a  coarse  pow- 
der (bone-^ust),  and  also  white  or  black  burnt  bones,  have 
for  many  years  been  regarded  in  "Rngland  as  an  excellent 
manure ;  in  Germany  it  is  only  in  more  recent  times  that 
their  economical  value  has  been  recognised.  It  is  very 
obvious  how  they  enhance  the  fertility  of  land ;  the  burnt 
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bones  fumisli  the  soil,  by  means  of  the  bone-earth,  with 
two  inorganic  substances,  lime  and  phosphoric  acid,  whi^ 
every  plant  requires  for  its  development;  the  unbumt  bones, 
moreover,  by  means  of  their  gelatinous  matter,  furnish 
ammonia. 

Tin. — THE  SOLID  BXCEEMEKTS  AlfD  TTEIIO!. 

659.  Those  ingredients  of  the  food  consumed,  which  are 
not  applicable  to  nourishment,  that  is,  which  cannot  be  con- 
verted into  the  constituents  of  the  animal  body,  and  those 
parts  which  are  separated  from  the  body  (as  no  longer  ser- 
viceable to  the  vital  process)  by  the  incessant  process  of 
renovation,  which  we  call  life,  are  either  removed  from  the 
body  in  an  aeriform  state,  by  hreathing^  or  insensible  perspira- 
Hon,  or  in  a  liquid  form,  as  urine,  or,  finally,  in  a  solid  form, 
that  of  the  solid  excrements.  Both  of  the  last-named  sub- 
stances are  of  great  import  in  medicine  and  domestic 
economy;  in  medicine,  because  the  physician,  in  cases  of 
sickness,  is  frequently  able,  by  thek  condition,  to  ascertain 
the  nature  of  a  disease ;  in  domest^  economy,  because  the 
farmer  makes  use  of  them  for  promoting  the  growth  of 
plants. 

The  solid  excrements  (faeces)  consist,  for  the  most  part, 
of  those  constituents  of  the  food  which  are  not  dissolved 
in  the  stomach, — ^not  digested ;  in  the  herbivorous  animals, 
principally  of  vegetable  tissue,  chlorophyll,  wax,  and  in- 
soluble salts ;  in  the  carnivorous  animals,  dogs,  for  instance, 
frequently  almost  wholly  of  inorganic  substances,  as  phos- 
phate of  hme,  magnesia,  &c.,  mixed  with  but  a  very  small 
quantity  of  organic  matter.  The  beneficial  influence  of 
solid  excrements  on  vegetation  is  principally  owing  to  the 
inorganic  compounds  contained  in  them  (lime  and  mag- 
nesia, phosphoric  acid,  and  silicic  acid). 

660.  By  the  wrvne,  which  is  separated  in  the  kidneys  fix>m 
the  arterial  blood,  the  soluble  salts  contained  in  food,  and 
also  the  nitrogen  no  longer  necessary  for  the  vital  process, 
are  removed  again  from  the  body;  it  is  natural,  therefore, 
that  the  constituents  of  it,  as  likewise  of  the  fsBces,  should 
depend  upon  the  food  consumed.  If  this  is  rich  in  so- 
luble salts,  the  urine  will  also  be  rich  in  them ;  if  this  con- 
tains only  a  few  soluble,  but  many  insoluble  salts,  the  urine 
will  be  poor  in  soluble  salts,  while  the  faeces  wiU  be  rich 
in  insoluble  salts.  Consequently,  the  amount  of  inorganic 
substances  in  the  animal  excrement  or  manure  may  be  just 
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as  accurately  ascertained  from  the  food  which  the  animal 
consumes,  as  from  the  manure  itself.  The  food  has  only  to 
be  burnt,  and.  the  remaining  ashes  examined ;  those  parts 
of  it  which  are  soluble  in  water  correspond  with  the  safes  in 
tbe  urine ;  those  which  are  insoluble,  to  the  organic  subr 
stances  of  the  faeces.  We  find  in  the  urine  of  cows  and 
horses,  principally  alkaline  carbonates,  muriates,  and  sul- 
phates (potassa,  soda,  and  ammonia) ;  in  the  urine  of  men, 
moreover,  some  alkaline  phosphates. 

661.  Nitrogen  is  contamed  in  the  urine,  either  in  the  form 
of  urea,  uric  acid,  or  hippuric  acid.  Urine,  like  the  juice  of* 
flesh,  contains,  moreover,  creatine  and  creatinine.     (§  640.) 

TJrea  occurs  iu  the  greatest  abundance  iu  the  urine  of  the 
higher  ianimals,  especially  in  the  carnivorous  quadrupeds.  It 
crystallises  in  colourless  needles,  or  prisms,  and  is  easily 
soluble  in  water.  This  substance  has  excited  great  scientific 
interest,  as  it  is  the  first  organic  compound  which  has  been 
artificially  prepared.  Thus,  it  was  found  that  cycmate  of.  am- 
monia, without  losing  any  of  its  constituents,  or  receiving  any 
new  ones,  was  converted,  merely  by  heat,  into  urea. 

From  Cyanic  Acid  =  Carbon,  Oxygen,  Nitrogen, 

and    Ainmonia      =  Nitrogen,  Hydrogen, 

N , / 

was  formed  Urea.. 

In  a  practical  point  of  view,  that  decomposition  which  urea 
undergoes  in  urine,  when  the  latter  putrefies  by  long  standing 
in  the  air,  is  of  great  importance.  During  this  decomposi- 
tion the  urea  combines  with  the  constituents  of  two  atoms  of 
water,  and  becomes  thereby  carbonate  of  ammonia,  From 
Urea  =  Carbon,  Oxygen,  Nitrogen,  Hydrogen, 
and  Water  =  Oxygen,  Hydrogen, 

V , /v , f 

are  formed       Carbonic  Acid   and    Ammonia. 

662.  TTric  acid  {lithic  acid)  predominates  in  the  urine  of 
the  lower  animals ',  the  white  excrements  of  birds  and  snakes 
(a  mixture  of  faeces  aud  urine)  consist  chiefly  of  urate  of 
ammonia.  In  the  pure  state,  it  consists  of  fine  white  crys- 
talline scales,  which  are  dissolved  in  water  only  with  extreme 
difficulty.  On  account  of  this  difficult  solubility  it  sometimes 
separates  spontaneously  from  the  urine  (gravel  and  urinary 
calculi).  K  those  excrements  which  are  rich  in  uric  acid  are 
allowed  to  remain  for  some  time  exposed  to  the  air,  they  will 
absorb  oxygen,  and  afterwards  contain  oxalate  of  ammonia. 
If  the  latter  takes  up  more  oxygen,  it  passes  over  into  ca/r- 
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hmaU  of  ammoma.  Thus  is  expkmed  wbj  we  freqnentfy 
find  in  some  sorts  of  guano  only  traces  of  uric  acid,  but  in* 
stead  of  it  large  quantities  of  oxalates. 

663.  GtMno  (bird's  dunff). — Guano,  which  in  recent  times 
has  been  in  such  demand  as  a  manure,  owes  its  e&^caey  chiefly 
to  the  urie  adid  ccmtained  in  it,  or,  if  this  has  already 
undergone  decomposition,  to  the  ammoniacal  saits  formed 
from  it,  and  in  part  also  to  the  inorganic  talU  (sulphate, 
phosphate,  and  muriate  of  potassa,  soda,  lime,  magnesia,  &c.) 
present  in  it.  On  account  of  the  great  differenee  in  the 
article,  it  is  indispensable  that  the  farmer  should  test  it  be- 
fore its  application.  This  is  done  with  sufficient  accuracy 
for  agricultural  purposes  in  the  following  way: 

Experiment  a, — rour  some  strong  vinegar  orer  guano ;  no 
perceptible  effervescence  should  ensue.  A  brisk  efferves- 
cence would  indicate  an  admixture  of  carbonate  of  lime. 

Experiment  h, — Heat  half  an  ounce  of  guano  in  an  iron 
spoon  over  a  spirit-lamp,  or  upon  glowing  charcoal,  till  it  is 
burnt  to  a  white  ash ;  good  guano  roould  only  leave  behind, 
at  the  most,  one  drachm  of  ashes.  The  amount  of  alkaline 
salts  this  ash  contaros,  may  be  ascertained  by  extraction 
with  hot  water ;  what  remains  consists  of  earthy  (lime  and 
magnesia)  salts.  The  inferior  sorts  of  guano  often  yield, 
after  burning,  three-fourths  of  th^  weight  of  ash. 

Experiment  e. — ^Treat  half  an  ounce  of  pulverised  guano 
several  times  with  hot  water,  and  decant  the  liquid  after  it 
has  become  clear  on  settling ;  then  dry  and  weigh  the  muddy 
mass  which  finally  remains ;  it  should  not  weigh  more  th^i 
a  quarter  of  an  ounce. 

664.  Sippuric  Acid, — ^This  nitrogenous  acid  always  oc- 
curs in  the  urine  of  herbivorous  animals ;  it  crystallises  in 
long  white  needles,  and  is  difficultly  soluble  in  water.  On 
the  putrefaction  of  the  urine,  it  is  converted  into  benzde 
acid  and  ammonia. 

Human  urine  contains  all  three  of  the  above-mentioned 
highly  nitrogenised  compounds,  viz.,  urea,  uric  acid,  and  * 
hippmric  acid ;  the  first,  urea,  exists  in  the  largest  quantity. 

665.  When  luine  remains  for  some  time  exposed  to  the 
air,  it  undergoes  a  decomposition,  in  which  volatile  sub- 
stances having  a  disagreeable  odour  are  formed ;  it  passes 
into  putrefaction.  It  is  obvious  from  what  has  been  stated, 
that  earhonate  of  ammonia  is  to  be  regarded  as  the  principal 


pToduct  of  this  decomposition  (putrid  urine  contains,  more* 
oyer,  creatine^.  Putrid  urine  may,  therefore,  be  employed 
for  the  cleansmg  of  wool,  and  for  the  preparation  of  chloride 
of  ammonium.  (§  233.)  This  change  takes  place  when  urine 
collects  in  dung-heaps,  or  is  poured  upon  the  soil.  To  pre* 
vent  the  evaporation  of  the  volatile  carbonate  of  ammonia, 
it  is  well  to  add  gypsum,  diluted  sulphuric  acid,  or  green 
vitriol,  fipom  time  to  time,  to  the  manure-heaps,  by  which 
means  sulphate  of  ammonia  is  formed,  which  does  not  escape 
at  the  ordinary  temperature.  In  this  respect,  also,  an  ad-» 
dition  of  substances  rich  in  carbon,  for  instance,  bone-black, 
earthy  brown-coal,  peat,  &c.,  afets  very  beneficially,  because 
the  carbonaceous  matter  first  retards  the  putrid  decompo- 
sition, and  afterwards  retains  the  gases  hereby  formed  (car- 
bonic add,  ammonia,  sulphuretted  hydrogen,  &c.).  The  in- 
organic salts  of  the  urine,  and  of  the  solid  excrements,  are 
not  essentially  altered  by  the  putrefaction.  To  these  salU 
and  to  the  nitrogen  are  principally  to  be  ascribed  the  bene- 
ficial efiects  which  animal  manure  exercises  on  the  fertility 
of  our  fields. 

EETEOSPECT  OT  AITIMAIi  MA.TTEB  tS  GENEEAL. 

1.  A  constant  motion  is  taking  place  in  the  living  animal, 
as  well  as  in  the  living  plant, — an  incessant  reception  (eat- 
ing, drinking  and  breathing),  change  (digestion,  assimila- 
tion), and  separation  (secretion,  excretion)  of  aeriform, 
liquid,  and  solid  bodies. 

2.  In  a  chemical  point  of  view,  animal  life  is  distinguished 
from  vegetable  life  principally  by  the  iminterrupted  recep- 
tion of  oxygen,  tma  separation  of  carbonic  acid  and  water. 
(Among  the  Infusoria,  however,  there  are  some  which  ex- 
hale 03cygen.)  During  the  life  of  plants,  on  the  contrary, 
carbonic  acid  and  water  are  received,  and  oxygen  separated. 

3.  Besides  water,  air,  and  some  salts,  those  substances 
only  serve  for  the  nutrition  of  the  animal  body  which  are 
produced  by  means  of  vegetable  or  animal  life.  The  plant 
consumes  carbonic  acid,  the  animal  vegetable  tissue,  sugar, 
gum,  fat,  <&c. ;  the  plant  consumes  ammonia,  the  animal 
albuminous  substanees,  for  instance,  gelatine,  albumen,  car 
seine,  flesh,  blood,  &c. 

4.  GHi©  first  series  of  the  above-named  articles  of  food, 
that  of  those  rich  in  carbon,  serves  for  the  maintenance  of 
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the  respiratory  or  destructive  process,  and  for  the  produc- 
tion of  animal  heat  (elements  of  respiration) ;  the  second 
class,  that  of  the  articles  of  food  rich  in  nitrogen,  serves 
for  the  maintenance  of  the  nutritive  or  formative  process 
(plastic  elements.of  nutrition). 

5.  Animal  substances  may  be  divided : 

I.  According  to  their  composition, — 

a.)  Into  non-nitrogenous  substances  (fat,  sugar  of  milk, 
Ac). 

h.)  Into  nitrogenous  albuminous  substances  (albumen, 
caseine,  flesh,  fibrine,  &c.). 

c.)  Into  nitrogenous  gelatinous  substances  (gelatine  of  the 
bones,  ligaments,  gristle,  &c.). 

d.)  Into  nitrogenous  excreted  substances  (urea,  uric  acid, 
hippuric  acid,  &c.). 

II.  According  to  their  occurrence  and  their  production  in 
the  animal  body, — 

a.)  Into  products  of  the  process  of  digestion. 
h.)]  "  "  "  respiration. 

c.)  Constituents  of  the  red  blood. 
d»)  "  of  the  white  blood  (lymph). 

e.)  "  of  the  flesh,  &c. 

/)  "  of  the  bones,  &c. 

ff,)  "  of  the  skin,  hair,  &c. 

A.)  "  of  the  products  of  secretion  and  excretion 

(bile,  milk,  urine,  &c.). 

6.  The  changes  tmdergone  hy  animal  matters  from  the  in- 
fluence of  heat,  water,  air,  acids,  bases,  &c.,  exceed  in 
variety  those  of  vegetable  matters,  since  they  are  far  more 
complex  than  the  latter ;  they  agree  in  the  most  important 
respects  with  those  which  the  nitrogenous  and  sulphurised 
vegetable  substances  experience. 

7.  The  spontaneous  changes  of  animal  and  vegetable 
matter  may  be  arrested, — 

«.)  By  the  removal  of  the  water  (drying,  baking,  &c.). 

5.)  By  exclusion  of  air  (Appert's  method  of  preservation, 
bottling  of  beer,  wine,  &c.). 

c.)  By  reducing  the  temperature  belo.w  the  freezing  point 
(refrigerators,  &c.). 

d.)  By  antiseptics ;  as  common  salt,  nitre  (salting),  wood- 
vinegar,  creosote  (smoking),  alcohol,  sugar,  charcoal;  and 
arsenical,  mercurial,  and  other  metallic  compounds. 


A    SYNOPSIS 


OF  THE  MOST  IMPOBTAKT  TESTS  EOB  ASOEBTADnNa  THE 
PBESEirOE  OF  THE  MOBE  COMMON  CHEMICAL  COMPOT^DS, 
ESPECIALLY  WHEN  IS  SOLXTTIOIT. 


1.  Alkalies  cmd  their  Salts. 

These  are  not  precipitated  by  carbonate  of  ammonia,  sul- 
pburetted  hydrogen  (H  S),  or  hydrosulphuret  of  ammonia 
(N  H3,  H  S). 

2.  Salts  ofPotassa. 

Tartaric  aeid,  in  excess  and  in  a  concentrated  solution, 
produces,  especially  after  yiolent  agitation,  a  white  crystal- 
Bne  precipitate.    (Tartar,  §  194(.) 

JPlatinum  solution  gives  a  yeUow  crystalline  precipitate. 
(Chloride  of  platinum  and  potassium,  §  394.) 

8.  Salts  of  Soda. 

Antimoniate  of  potassa  produces,  in  neutral  or  alkaline 
solutions  of  soda  salts,  a  white  precipitate.  (Antimoniate  of 
soda,  §  404.) 

4.  Salts  of  Ammonia. 

Caustic  lime  or  caustic  potassa,  especially  on  heating,  libe- 
rates the  ammonia,  which  is  easily  recognised  by  its  pungent 
odour.  Heated  on  platinum  foil,  the  salts  of  ammonia  are 
readily  volatilised.     (§  229.) 

Platinum  solution  reacts  in  the  same  manner  as  with  po- 
tassa salts.    (§  392.) 

5.  Alkaline  Earths. 
These  are  precipitated  by  carbonate  of  ammonia,  as  car- 
bonates of  a  white  colour,  but  not  by  H  S  or  N  Ha,  H  S. 
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6.  Salts  ofBa/ryta  and  Strontia, 
Sulphuric  acid  produces  a  white  precipitate,  insoluble  in 
acids  (sulphate  of  baryta  and  of  strontia).     The  baryta  salts 
impart  a  yellowish  colour,  and  the  strontia  salts  a  crimson 
colour  to  the  flame  of  alcohol.     (§  248.) 

7.  Salts  of  Lime. 

Sulphuric  acid  produces  only  in  concentrated  solutions  of 
lime  a  precipitate,  which  is  reaissolved  in  a  large  proportion 
of  water.     (§241.) 

OxaMe  acid  and  ammonia  indicate  mere  traces  of  lime  by  a 
miU^  turiridn&w.     (Oxalate  of  lime,  §  197.) 

8.  Salts  of  Magnesia, 

Sulphuric  acid  causes  no  precipitate  nor  turbidness.  (§ 
249.) 

Phosphate  of  soda  and  ammonia  produce,  but  not  imme- 
diately in  diluted  solutions,  a  white  crystalline  precipitate. 
(Phosphate  of  magnesia  and  ammonia,  §  251.) 

9.  Salts  of  Alumina, 

These  are  precipitated  by  ammonia^  carbonate  ofammoma^ 
and  also  by  N  H3,  H  S,  as  hydrate  of  the  oxide  of  almmna. 
Fotassa  in  excess  dissolves  the  hydrate  of  oxide  of  ahmuna, 
wb^  is  again  precipitated  by  chloride  cfammohiwn,  (§ 
260.)  They  are  coloured  blue  on  being  heated  to  redness 
with  cobalt  solution.     (§  262.) 

10.  Metallic  Salts, 

-4»M»omaf  precipitates  the  oxides  from  their  solutions  as 
hydrates  ;  carbonate  of  ammonia  also  precipitates  them  (partly 
as  carbonates  and  partly  as  hydrated  oxides). 

H  S  added  to  an  acid  solution  precipitates  the  following 
metaUic  oxides  as  sulphurets : 

«.)  Black ;  lead,  bismuth,  copper,  silver,  mercary,  plati- 
num, g6ld. 

5.)  Bark  brown ;  tin  (protoxide). 

c.)  Orange;  antimony. 

d.)  Yellow ;  tin  (peroxide),  cadmium,  arsenic. 

Of  these,  the  sulphurets  of  platinum,  gold,  tin,  antimxmy, 
and  arsenic,  are  soluble  in  N  Ha,  H  S. 
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!N  Ha,  H  S  precipitates  also  as  sulphurets  the  following, 
which  are  not  precipitated  by  sulphuretted  hydrogen  alone 
from  their  acid  solutions : 

a.)  Black ;  iron,  cobalt,  nickel. 

h.)  Mesh-coloured;  manganese. 

c)  White ;  zinc  (also  alumina  and  oxide  of  duromium  as 
hydrates). 

11.  Salts  of  Frotoccide  of  Iron, 

Ammoma;  a  greenish-white  precipitate,  which  becomes 
dark  greeai,  and  finally  reddish-brown-  (Hydrated  protoxide 
of  iron,  §285.) 

Mrrocyanide  qf  Potassivm;  a  pale  blue  precipitate,  be- 
coming ftoally  dark  blue.  (§  292.) 

Tincture  of  aall-nuts;  a  violet  precipitate,  passing  gra- 
dually to  bluish-black.  (Tannate  of  protoxide  of  iron, 
§  285.) 

12.  Salts  of  Sesguioxide  of  Iron. 

Ammonia;  a  reddish-brown  precipitate.  (Hydrated  ses- 
quioxide  of  iron,  §  285.) 

JE'errocyamde  of  jpotassivm  ;  a  dark-blue  precipitate.  (Prus- 
sian bhie,  §  292.) 

Tincture  of  galls;  a  bluish-black  precipitate.  (Tannate 
of  sesquioxide  of  iron,  §  285.) 

13.  Salts  of  M(mga/nese, 

Ammumia ;  a  white  precipitate,  soon  passing  to  light  and 
then  dark  brown.  (Hydrated  protoxide  of  manganese, 
§300.) 

H  S ;  a  flesh-coloured  precipitate.  (Sulphuret  of  manga- 
nese, §  300.) 

14.  Salts  cf  Cobalt. 

J?otassa;  a  blue  precipitate,  gradually  becoming  green. 
(§307.) 

Bloto-pipe;  melted  with  borax,  they  give  a  blue  bead. 
(Cobalt  glass,  §  304) 

15.  Salts  of  Mchel. 

Fotassa;  alight  green  precipitate.  (Hydrated  protoxide 
ofnickel,§307.) 

16.  Salts  of  Zinc. 
Ammonia  ;  a  gelatinous  white  precipitate  (hydrated  oxide 
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of  zinc),  which  redissolves  in  an  excess  of  ammonia ;  white 
snlphuret  of  zinc  is  precipitated  from  this  solution  by  N  Hsy 

Blotopipe  ;  heated  with  carbonate  of  soda  upon  charcoal, 
a  yellow  mcrustation  is  formed,  which  becomes  white  on 
cooling.     (Oxide  of  zinc,  §  310.) 

17.  Salts  of  Tin. 

Solution  of  gold  causes  in  solutions  of  protoxide  of  tin  a 
purplish  red  colour  or  precipitate.     (Gk)ld  purple,  §  322.) 

H  S ;  in  solutions  of  the  protoxide,  a  oark-brown  preci- 
pitate (protosulphuret  of  tin) ;  in  solutions  of  the  perchlo- 
ride,  a  yellow  precipitate.     (Bisulphuret  of  tin,  §  325.) 

18.  Salts  of  Lead, 

Suhhimc  acid;  a  white  precipitate  insoluble  in  acids. 
(Sulphate  of  lead.)  The  same  is  immediately  rendered  black 
byNH3,HS.     (§335.) 

Bhw-pvpe ;  heated  with  carbonate  of  soda  upon  charcoal, 
malleable  metallic  beads  are  formed,  together  with  a  yellow 
incrustation  upon  the  charcoal.    (§  331.) 

19.  Salts  of  Bismuth. 

Watery  added  largely  to  solutions  of  bismuth,  causes  a 
white  turbidness,  with  the  precipitation  of  a  basic  salt  of 
bismuth.    (§347.) 

Blouo-pvpe  ;  if  heated  with  carbonate  of  soda  upon  charcoal, 
brittle  metallic  beads  are  obtained.     (§  845.) 

20.  Salts  of  Copper. 

Ammonia  causes  a  greenish-blue  precipitate,  which  redis- 
solves in  an  excess  of  ammonia,  forming  a  deep  blue  liquid. 
(§  353.) 

Ferrocyamde  of  potassium  ;  a  copper-red  precipitate.  (Fer- 
rocyanide  of  copper,  §  292.) 

Polished  iron  ;  a  deposition  of  metallic  copper.     (§  152.) 

Blow-pipe  ;  when  heated  with  carbonate  oi  soda  upon  char- 
coal, and  washed  with  water,  spangles  of  metallic  copper  are 
obtained.     (§  355.) 
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21.  SalU  of  Merewry, 

Fotassa  precipitates  from  salts  of  the  protoxide,  black  pro- 
toxide of  mercury  (§  368) ;  from  salts  of  the  peroxide,  yel- 
lowish-red peroxide  of  mercuiy.     (§  871.) 

JProtocMoride  of  tin,  on  boifing,  precipitates  metallic  mer- 
cury.   (§376.) 

Copper,  on  being  rubbed  with  a  solution  of  mercury,  as- 
tnimes  a  silvery  appearance.     (§  369.) 

22.  Salts  of  Silver. 

Muriatic  acid;  a  white,  curdy  precipitate,  soluble  in  am- 
monia.    (Chloride  of  silver,  §  381.) 

Blouypipe ;  heated  with  carbonate  of  soda  upon  charcoal, 
glistening  malleable  metallic  beads  are  formed.     (§  381.) 

28.  Salts  of  Gold. 
Trotochloride  of  tin;   a  purple-red  precipitate.     (Gold 
purple,  §  388.) 

Oreen  vitriol;  a  precipitate  of  gold  powder.     (§  387.) 

24.  Salts  of  Flatinum. 
Potassa;   a  yellow  crystalline  precipitate.     (Chloride  of 
platinum  and  potassium,  §  394.) 

Blow-pipe;  reduces  the  salt  to  a  metal.     (§  392.) 

26.  Salts  of  Sesquioxide  of  Chromvum. 
Totassa;   a  bluish-green  precipitate   (hydrated  oxide  of 
chromium),  soluble  in  an  excess  of  potassa,  forming  a  dark 
green  solution.     (§  400.) 

26.  Salts  of  Chromic  Acid. 

Sugar  of  lead;  a  yellow  precipitate.  (Chrome  yellow, 
§  399.) 

Sulphuric  acid  and  alcohol;  conversion  of  the  yellow  or 
red  colour  into  green  by  heat.     (§  400.) 

27.  Compounds  of  Antmowy. 
H  S ;  an  orange-cdioured  precipitate.    (Sulphuret  of  anti- 
mony, §  407.) 

Blowpipe;  heated  with  carbonate  of  soda,  brittle  metallic 
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globules  are  formed;  and  also  white  fumes  and  a  white  in- 
crustation upon  the  charcoal     (§  403.) 
Mar$V$te9t.    (§418.) 

28.  Gompownds  of  Arsenic. 
H  S ;  a  yellow  precipitate.     (Sulphuret  of  arsenic,  §  416.) 
Seduction  test.     (§  413.) 
m^aVs  test.     (§  417.) 

29.  Salts  of  Sulphuric  Acid. 

Chloride  of  Barium;  a  white  pulverulent  precipitate,  in- 
soluUe  in  acids.    (Sulphate  of  baryta,  §  171.) 

Sugar  of  lead;  a  white  precipitate,  insoluble  in  diluted 
adds.     (Sulphate  of  lead,  §  335.) 

30.  Salts  of  Sulphu/rous  Acid. 

Sulphuric  Acid  eyolves  a  gas  having  the  odour  of  burning 
sulphur.     (§  174.) 

31.  Salts  of  Phosphoric  Acid. 

Chloride  of  barium;  a  white  jprecipitate,  soluble  in  acids. 

Silver  solution  ;  a  yellow  precipitate.  (Phosphate  of  silver, 
§  176.) 

Solution  of  magnesia  and  ammonia;  a  white  precipitate. 
(See  No.  8.) 

32.  Salts  qfJBoracie  Aeid. 

Chloride  of  barium;  a  white  precipitate,  soluble  in  acids. 

Sulphuric  aeid  and  alcohol,  when  heated  with  them,  present 
a  green  flame.     (§  182.) 

33.  SalU  of  Nitric  Acid. 

Indigo  solution  and  sulphuric  acid;  by  boilmg,  the  pale 
blue  liquid  is  destroyed  by  the  liberated  nitric  acid. 

Glowing  charcoal  causes  a  deflagration  of  the  nitrates. 
(§  207.) 

34.  Salts  of  Chloric  Acid 

Act  like  the  nitrates  towards  solution  of  indigo,  and  upon 
glowing  charcoal ;  but,  when  heated  with  muriatic  acid,  tney 
evolve  the  odour  of  chlorine.     (§  150.) 

35.  Chlorides  or  Salts  of  Muriatic  Add, 
Silver  solution;  a  white,  curdy  precipitate  of  chloride  of 
silver,  readily  soluble  in  ammoTiia.     (§  186.) 
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^Peroxide  of  manganese  cmd  sulphv/ric  add;  evolution  of 
cblorme  on  heating.     (§  151.) 

36.  Iodides. 

Silver  solution;  a  yellowish  precipitate  of  iodide  of  silver, 
difficultly  soluble  in  ammonia. 

JPeroside  of  manganese  and  sulphuric  acid  evolve  iodine  in 
violet  fumes.     (§  210.) 

Starch  paste  and  nitric  acid;  blue  colour.  (Iodide  of 
starch,  §  155.) 

37.  Sulphurets. 

Jfuriatio  acid  evolves  &om  most  of  them  a  gas  having  the 
odour  of  rotten  eggs.     (H  S,  §§  132,  213.) 

88.  Salts  of  Carbonic  Acid. 

Muriatic  acid  liberates  from  them  with  effervescence  an 
inodorous  gas.     (§§  202,  237.) 

Lime-water  is  rendered  milky  by  them.  (Carbonate  of 
lime,  §  115.) 

39.  Salts  of  Oxalic  Acid. 

Solution  of  sulphate  of  lime  causes  a  white  precipitate. 
(Oxalate  of  lime,  §  197.) 

Heated  upon  platinum  foil,  they  are  decomposed  without 
carbonisation.    ^  197.) 

40.  Salts  of  Tartaric  Acid. 
.  Fotassa  precipitates  tartar,  as  in  No.  2.    (§  194)  . 

Seated  on  pktinum  foil,  they  are  decomposed  with  separa- 
tion of  much  carbon,  and  give  off  the  odour  of  burnt  sugar. 
(§  194) 

41.  Salts  of  Acetic  Acid. 

SuJpvHc  add  produces  on  heating  an  odour  of  viuegar. 

Sutphmic  acid  and  alcohol,  an  odomr  of  acetic  ether. 
(§  198.) 

Seated,  they  are  carbonised,  and  give  off  the  odour  of 
vinegar.    (§  198.) 
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A. 

Absinthine,  689 
Acetic  acid,  196 

"     ether,  607 
Acetometer,  514 
Aoetyle.  613 
Acid  oxides.  66 

"    radicals.  199 

«    salts,  197 
Acids,  66,  76, 169, 199, 267 

"      f5atty,  642 

"      hydrogen,  184 

"      organic,  198,  698 

**      oxygen,  169 
Aconitine,  697 
Acroleine,  547 
Adhesion,  106 

Affinity,  chemical,  6, 89, 146, 192 
"        predisposing,  89, 146 
ofthemetanoids,192 
Aggregation,  19 
An%90 

**    composition  of,  100, 101 

"    current  of,  98,  111 

**    expansion  of,  97 
Albumen,  477, 622 
Alcohol,  482, 498 

«       burning  of,  121 
"       flame,  121 
"       lamp,  112, 121 
"       specific  gravity  of,  600 
Alcoholometer,  500 
Aldehyde,  612 
Alizarine,  691 
Alkalies,  201,  236 
Alkali-metals,  201 
Alkalimeter.  202 
Alkaline  earths,  237, 261 
Alkaloids,  596 
Alkanet-root,  591 
Allotropy,  108 


Alloys,  306, 817, 3^,  864,378,  S79, 88S.  409 
Almonds,  oil  of,  635  ^^ 

Aloes,  682 
Alumj^l 
Alumina,  260 

**        silicate  of,  268 
*'        sulphate  of,  269 
Aluminum,  262 
Amalgamation,  process  of,  382 
Amalgams,  878 
Amber,  671 
Ammonia,  227, 230 

M  food  of  plants,  614 
by  dry  distillation,  228 
"         carbonate  of,  232,  666 
"         ftrom  decay,  283, 479. 665 
hydrosulphuret  of.  231    ' 
"        khiment,  241 
**        muriate  of,  229 
"        salts  of,  as  manure,  236 
"        water  of;  230 
Ammonium,  236 

"  chloride  of,  286 

**  sulphuretof,231 

Amorphism,  127, 229, 476 
Amygdaline,  689 
Analysis,  7 

elementary,  486 
Aniline,  697 
Animal  fkts.  636 
**      flbrlne,  636 
"      life,  619 
Animal  matter,  620 
Animals,  food  of,  639 
Anthracite,  442 
Antichlorine,  174 
Antimoniuretted  hydrogen,  418 
Antimony,  402 

"        oxide  of,  403 
Antunony-glance,  prismatoidaL  407 
Aqua  R^ia,  188 
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ArchaSM       . 
Areometer,  16  ^ 
Arraok,496 
Arrowroot,  465 
Arsenic*  410 

"      tests  for,  413, 417 
«      white.  412 
Arseniuretted  hydrogen,  417 
Artesian  wells,  262 
Asafoetidm  582 
Ashes,  201, 606 

*<     of  plants,  607 
Asphaltum,  442, 571 
Assaying,  882 
Atmosphere,  90 

^         «wMKnMr©of,9i 


Atomic  weight 

Atoms,  274 

"      changes  of,  274, 280, 475 
''     grouping  of,  274 

Atropine,  597 

Aurum  musiTnm,  326 


Baking,  616 

Balsam,  568 

Barium,  248 

Barley,  germination  of;  4fi6 

Barometer,  193 

Bazyta»  248. 

compounds  of  >  248 


organic,  596 
c  radicals,  109 


Basic  r 

*'     oxides,  69 
Bast,  480 

Beans,  germination  of,  426 
Beer,4^ 
Bees-wax,  539 
Bell-metal,  864 
Benzoin,  570 
Bismuth,  345 
Bitumen,  571 
Bleaching,  152, 174*  429 
Blood,  686 

**     colouring  matter  of,  ( 
Blow-pipe,  181 
Blue  liquid,  858 


g,84 
1^  steam,  86 
*'      of  meat,  642 
'*       ofwater,34,96,96 

Bone-black,  107 

Bone-dust,  658 

Bones.  144, 176, 654 

Boracic  acid,  180 

Borax,  225, 351 

Boron,  158 

Brandy,  486 

Brass.  864 

Braziline,  601 

Brazil  wood,  591 

Bread,  617 
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Bremen  blue,  862 
Brimstone,  128 
British  gum,  458 
Brine-springs,  216 
Bromine,  156 
Bronze,  864 
Broth.  643 

Buckthorn  berries,  592 
Butter,  681 
BuMc  acid,  616 
^'^      ether,  507 
0. 
Cadmium,  315 
Caffeine,  597 
Calamine,  318 
Calcium,  287 

**       and  chlorine,  246 
Calico-printing,  696 
CalomeX870 
Campeachy-wood,  694 
Camphor,  401, 553 
Canc&,470 
Cane-sugar,  470 
Cannon-metal,  864 
Caoutchouc,  584 
Capillary  attraction,  106 
Caput  mortuum,  276 
Carat,  888 
Carbon,  108, 166 
Carbomc  acid,  68, 109, 164 

«*         "    as  nutriment  of  plants  > 
614 
"    from  respiration,  167 
«    in  the  air,  101 
Carbonic  oxide  gas,  110 
Carbonisation,  104^  119, 486 
Carmine,  blue,  594 

"      red,  591 
Carthamine,  591 
Caseine,  477, 626 
Cassel  yellow,  836 
Catalysis,  459 
Cement,  iiydraulic,  289 
Chalk,  287 
Charcoal,  104 
Cheese,  632 

Chemical  combination,  law  of,  70, 267 
force,  5 
**       processes,  1 
**        symbols,  88 
Cherry  gum,  467 
Chlonc  add,  178 
Chloride  of  antimony,  162, 405 
**         barium,  246 
<*         calcium,  246 

copper,  152, 359 
gold,  152, 385 
"         iron,  186, 289 
lead,  386 
lime,  244 
"         magnesium,  251 
**         manganese,  150, 299 
**         mercury,  370, 878 
phbtinum,  891 
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Chloride  of  potaasiiim,  911^ 
**         silver,  881 
**         sodium,  158,  SIS 

tin.  819 
**         zinc,  162 
Chlorides,  different,  154 

metallic,  162, 186 
"*  **       xetraqpealor,fiS 

Chlorine,  150 

"       water,  160 
Chlorophyll,  583 
Chondrine,  6417 
Chromate  of  potaaaa,  896 
Chrome-yeUow,  899 
Chromic  add,  401 
Chromium,  897 

8eMiaioxideof,409 
Cinchonine.  597 
Cinnabar,  876 
Citric  acid,  600 
Claj,262 

**    ware.  257 
Coal,  104, 107 
**    brown,  448 
**    pit.  448 
Cobalt.  803 
Cochineal.  591 
Cocoa-nut  oil,  585 
Coa;nac486 
Cohesion.  19 
Coke.  107. 118, 4tt 
Colchicine.  597 
Cold,  28, 40. 246 
Colophony.  S74 
Colouring  matter,  600 
Combination,  laws  of,  70, 148, 907 
Combining  proportionals,  969 
Combustion,  111.  114 

pOTfeot,llB,485 
hnperfect,  116, 416 
•*  in  chlorine,  169 

**  in  oxygen,  58, 68 

*'  slow,  140 

"  spontaneous.  106, 140 

'*  with  sulphur,  181 

*'  under  water,  142 

Conductors  of  heat.  42 
Conicine,  597  ' 
Contact.  459 
Copper.  348 

**      aUoysof.864 
"      and  sulphur.  181, 869 
'*      oxide  ol  349 
"       salts  of.  178. 360 
Cordials,  501, 562 
Corrosive  sublimate^  878 
Cotton.  431 
Creosote,  438 
CrystaUisation,  50. 126, 166 

**  interrupted,  51 

water  (^64 
Cudbear.  594 
Curcumine.  602 
Qyanio  acid,  179 


Cyanide  of  potassium,  291 
Qranogen,157 

,>_  '    !>• 

Daguerreotype,  881 

Bammara  resin,  570 

Daturine.  597 

Davy's  safetr-lamp,  114 

Decay.448 

Decimal  weights  and  wo^^tm^B^  lo 

Deoxidation.  144. 198 

^    ^"      ,  retrospect  of,  418 

Dephlesmator.  191 

Detonation.  160 

Dew,  44 

"    point.  88 
Dextrine.  460 
DiamoncC  107 
Diastase.  461 
Difliision  of  gases.  166 
Digestion.  685 
Dimorphism,  108. 126, 274 
Disinfectants.  105. 102 
Distillation.  41 

dry,  119. 486 
Dobereiner's  lamp,  85 
Dragon's-blood,  570 
Eyeing.  596 
I^es,  691 

B. 
Earths,  262 

**       alkaline^  297 
**       metals  of  the,  262 
Egg-shells.  624 
EUQrle,502 
Electrophorus.  677 
Elements,  ancient,  19 

**        retrospect  at  diemieaL  418 
Elutriation.  256 
Emetine,  697 
Emulsion,  525 
Epsom  salt.  249 
Equivalents.  270 
Ether,  504 

"     sulphuric  606 
**     varieties  of,  507 
Ethyle,  oxide  of.  604 
Euphorbium.  582 
Evaporation.  87,  40 
Excrements.  659 
Expansion.  22.  27 
Explosive  gas.  86 
Extractive  matter,  686;  688 
Extracts.  585 

F. 
Faeces,  659 
Fats,  520 
Fatty  acids,  642 
Felspar,  266 
Fermentation,  alcoholic,  482 

'*  artificial,  619 

**  mucous,  516 

"  of  bread,  616 

*'  putrefactive  446 

"  vinegar,  609 
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Ferment  oils,  664 

sedimeat,  4BB 
Fibrme,e36 
Filtrate,  186 
Filtration,  47 
Fine  mark,  379 
Finery  process,  281 
Fire  and  coal,  103 
Fire,  to  eitinguish.  Ill,  680 
Fire-damp,  114, 118 
Fish-oil,  537 
Flame,  117, 121, 122 

"      l«htof,117,«2a,660 

'     of  a  candle,  122 
Flax.  429 
Flesh,  640 

Floating  of  bodies,  16 
Flour,  616 

Fluids,  rising  and  ttOiiig  of^  90 
Fluoric  acid,  190 
Fluorine,  166 
Fluor-spar,  247 
Fly-poison,  411 
Forces,  6,  20 
Formic  acid,  602 
Formulae,  chemicaiL  88 
Frankincense,  682 
French  polish,  678 
FulmlQio  add,  179 
Fumigation,  438, 668, 676 
Fumigating  spirit,  662 
Fusel  oil,  664 
Fusible  metal,  846 
Fustu},692 

G. 
Galena,  341 
Galipot,  670 
Gallic  add,  604 
Galls,  645 

Galvano-plastic,  368 
Gamboge,  582 


"     collecti(Hi  ot,  66 

Germination,  426 

Gildmg,  386 

Glass,  180, 226 

"     etching  of,  190 
"     soluble.  204, 226 
"     to  break,  &o.,  27 

Glauber  salts,  218 

Glazing,  226, 267,  S17 

Glue,  647 

Gluten,  463, 477 

Glycerine,  647 

Glyceryle,  oxide  of,  647 

GlydcoU,  651 

Gold,  383 
"     combinations  of,  386 
**     mosaic,  325 
•*     parting  of,  384 

Gtolden  sulphmret,  407 

Gk>ulard'8  extract,  337 

Gramme,  10 

Granulatim,  310 


Grape-juice,  464 
Graphite,  107 
Guano,  668 
Gum  Arabic,  466 

"     cherry,  467 

"     elastic,  684 

"     resins,  682 

**     starch,  468 

"     tragacanth,  466 
Gun-cotton,  433 
Gunpowder.  207 
Gutta-percha»  68A 
Gypsum,  241 

H. 
HsematoxyUne,  694 
Hair,  to  remove,  406 
Halogens,  160, 167 
Haloid  salts,  167, 187. 876 
Hartshorn,  spirit  oi;  828 
Heat,  22 

**     conduction  ot,  42 

"    destruction  of  ohemioal  oonibiiift- 
tions  by,  67 

"     expansion  of  air  by,  97 

soUds  by,  27 
water  by,  22 

**     ftree,  36, 86 

"     latent,  32, 86 

*'     of  chemical  ooQibiiui>tioii,  86 

"     radiation  of,  43 
Hemp,  429 
Hippuric  acid,  664 
Hoar-frost,  44 

Hofbnann's  anodyne  liquor,  506 
Honey,  469 
Horn-silver,  381 
Horns  of  the  deer,  647 
Homy  matter,  663 
Humus,  444 
Hyalogens,  158 
Hydrates,  64 
£^draulic  cement,  239 
Hydriodic  acid,  189 
Hydrobromic  add,  189 
S^drochloric  acid,  184, 186 
Hydrocyanic  add,  191 
Hydrofluoric  add,  190 
Hydrogen,  81, 87 

"        reduction  l3y,  857 
Hydrometer,  16 
"  '   >thionic  add,  1^ 
t)xide.77,79 
chlorous  acid,  178 


Ice,  formation  of,  29 
niuminatlng  gas,  117 
Illumination,  116, 629,  660 
Indigo,  173, 694 

"      blue,  594 
Ink.  286,403 
Inuline,  467 
Iodine,156 
Iron,  275 
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Iron  and  chlorine,  289 

"    cyanogen,  290, 293 
"       "    sulphur,  181, 183, 294 
"     bar,  280 
"     caet,  279 
*•     crude.  279 
'*    magnetic  oxide  of,  276 
**     malleable,  280 
"     ore,  21^6 

*-       ■*    brown,  276 
"    spathic^  ^7(5 

dyeing  with,  197 
''     rust  of,  m 

"     &ttUa  of.  as.  173, 186, 284-288 
"     Buccular,  378 

Isinglasi,  4>47 
iBomBruuB,  179,  274,  -124 
J§omorphlani,  ^^  274 

K. 
Kerme8,407 
Kindling  purposes,  ISO 

L. 

Lac-lake,  or  lac-dye,  591 
Lactic  acid,  457, 616 
Lactucarium,  682 
Lac- varnish,  578 
Lakes,  596 

Lamp-black,  107, 116, 676 
Lard;  521 

Laws,  chemical,  70, 148 
Lead,  329 

and  sulphur,  341 
glass,  331 
glazing,  257 
oxide  of,  331 
plaster,  550 
salts  of,  160. 198, 334 
subacetate  of,  337 

"     sugar  of,  196, 387 

**     tree,  340 

"     white,  839 
Leather,  648 

Leaves,  green  matter  of,  698 
Lichenine,  457 
Lhne,239 

<*     andchlorifie,244 

"     as  mortar,  239 

•*     burnt,  238 

"     carbonate  of,  287, 271 

"     caustic,  288 

"     muriate  of,  246 

"     nitrate  of,  243 

*'     phosphate  of,  242 

"     slaked,  33 

"     soapw240 

"     sulphate  of,  197. 241, 271 

"     water,  46, 288 
Linen,  429 
Liniment,  541 


Linseed  oil,  584 

Liquation  process,  882 

Liqueurs,  601, 662 

litharge,  387 

Lithographic  stones,  237 

litmus,  694 
**      paper,  48 
"       solution,  47 

Loam,  252 

Logwood,  594 

Lunar  caustic,  880 

Lupuline,  596 

I^ye,  caustic,  203, 221 


Madder.  591 
Magnesia,  260 

*'       compounds  of,  249 
Magnetic  pyritiBS,  295 
ibi&chite,349 
Malic  acid,  601 
Malt,  246, 460 
Manganese,  298 

^*  acids  of,  301 

black  oxide  of,  297 
oxide  of,  297 
**  salts  of,  299 

Mannite,  474 

Manuring  by  ommoniacal  salts,  235 
bones,  658 
gelatine,  650 
*'  guano,  663 

*'  gypsum,  241 

"  inorgamc  matter,  617 

lime.  240 
"  muriatic  acid,  186 

"  organic  matter,  616 

'*  potassa  salts,  214 

**  sulphuric  acid,  178 

Mark,  fine,  379 
Marsh-gas,  445 
Marsh's  arsenical  test,  417 
Mashing  process,  461, 487 
Mastic,  570 
Matches,  208 
Matter,  18 
Melting,  30 

«       point,  81 
Mercury,  865 

**        and  sulphur,  376 
"        oxide  or,  56,368 
<*       salts  of.  366 
Metallic  allovs.    See  alloys 

**      oxides,  retrospect  of,  416    ^ 
Metalloids,  56 

"         and  hydrogen,  192 
*•    oxygen,  192 
Metals,  201 

"      heavyr376 

**      light,  201 

"      negative,  183. 

"      noble,  879 

*'      positive,  188 

**      retrospect  of  the,  418 
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Meter,  10 
Hilk,  626 
Minium,  882 
Moir6  m^tallique.  826 
Molybdenum,  396 
Mordant,  197, 686 
Morine,592 
Morphine,  697 
Mould,  6U 
Mountain  blue,  840 
Muriatic  add,  186 
"      ether,  607 
Myrrh,  582 

N. 
Naphtha.  448, 666 
:Naphthaline,  441 
Nascent  state,  160 
Neutralisation,  71, 160>  186 
Nickel,  808 
Nicotine,  697 
intre,207 

"     formation  of,  480 
Nitric  add,  169, 161 

**     oxide,  162 
Nitrogen,  101 
Nitro-muriatic  add,  188 
Nitrous  acid,  161 

"       ether,  607 

"       oxide,  168 
Non-metallic  elements,  56 
Nutrition,  plastic  elements  of,  689 

O. 

Odour,  128 
CBnanthic  ether,  466 
OU,  burning,  to  refine,  686 

"  fl;as,628,660 

**  £anp,629,666 

«  soap,  540 
Oils,  empyreumatio,  666 

"    ethereal,  661 

-  &t,620 

-  ferment,  664 
<*    ToUbtile,662 

Olefiantffas,602 
Oleic  add,  646 
Oleine,  688 
Oleo-sacchamm,  664 
01iTe-oil,636 
Opium,  682 
Orchil,  694 
Orelline,  692 
Organic  adds,  198^  698 

'*      bases,  696 

"       radicals,  608, 618 
Organogens,  66, 1£2 
Orleama,  692 
Orpiment,  416 
Oxalates,  197, 212 
Oxalic  add,  196 
Oxidation,  66 

**       by  chlorate  of  potassa,  8 
'*        hy  chlorine,  162, 186 
by  nitre,  207 
by  nitric  add,  160 


Oxidation  by  oxygen,  600 

**        degrees  of,  76, 164, 272 
Oxides,  69, 77 

retrospect  of,  418 
Oxidising  flame,  181 
Oxygen,  56, 80 
^^     adds,  169 
'*       drculation  of,  167. 614 
**      salts,  retrospect  of,  188, 418 


Fslm-oil.636 
Papin's  digester,  96 
Parchment,  648 
Paste,  457 
Peas,  starch  of,  452 
Peat.  446 
Pectine,468 
Perchlorides,  154 
Permanganic  acid,  801 
Persio,  694 

Phosphoric  add,  66, 176 
Phosphorous  add,  177 
Phosphorus,  138 

"         oxide  of,  177 
Phosphuretted  hydrogen,  146 
Pigments,  590 
Piperine,  697 
Pitch,  569, 576 

"    burnt,  676 
Plants,  cultivated,  615 

«      food  of,  614 

"      growth  of,  613,  614 

'*     inorganic  constituents  of,  607 

«      wUd,  614 
Platinum,  890 

"        spongy,  892 
Plumbago,  107 
Pneumatic  trough,  60 
Polychroite,  592 
Porosity,  106 
Potash,  201 

**       soM>,  641 


acetate  of,  202 
*'      antimoniate  of,  403 
**       carbonate  of,  201 
"       caustic,  208 
*'       chlorate  of,  69, 203 
**       chromate  of,  898 
"       muriate  of,  209 
"       nitrate  of,  207 
"       oxalate  of,  197. 212 
**       siUcate  of,  204, 226 
"      sulphate  of,  206 
*'      tartrate  of,  194,  211 
Potassium,  205 

"         and  chlorine,  209 

"   iodine,  210 
«  **    sulphur,  218 

"  "   f erricyanide  of .  208 

*♦  "   f erroi^anide  of,  291 

Potato-starch,  461, 462 
Predpitation,  129 
Preservation  of  organic  matter,  449 
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Proportioiis,  ohmilMU,  872 
Proteine,^ 
Protochlorides,  160 
Prussiaii  blue,  290 
PruBsiate  of  potass^  291, 10S 
Prugsic  acid,  290 
Puddling  process,  281 
Putref!aotioii,446 

topniveiit,106,41» 
Pyrogens,  128,149 
iTTometer,  26 
Pyrophorus,  888 
I^zylic  spirit,  489 

Q- 

Quartation,  884 
Quartz,  188 
Quercitron,  692 
Quinine,  697 

B. 
Baoemic  acid,  609 
Radicals,  199 

**       compound,  606,  618 
Eape-oil,  686 
Btf^  electuary,  1S9 
BefOgar,  43j6 
Rectification,  492 
Reduction  by  hydrogen,  868 
dry,  144, 198, 866 
"        flame,  181 
"        galvanic,  866 
humid,  2i6, 856 
Refining,  384 
Rennet,  628 
Resin,  669, 670 
Respiration.  167,  689 

**  elements  ot,  688 

Retrospect  of  alcohol,  &o.,  619 
<^  animal  maitter,  666 

*'  the  albuminous  sub- 

stances, 481 
**  **     alkalies,  286 

"  "     alkaline  earths,  261 

"     earths,  2«6 
"  "     eztractlTeand  colour- 

ing substances,  697 
**  '*     hailogens,  167 

"     heaYm«ials*328,396, 

"     hydrogen  acids,  191 
'*     light  metals,  266 
«  metallio    sulphurets, 
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**     metaUoids,  168 
**  *'     metals,  266 

**  **     organogenflL  122 

"  "     oxygen  Acida,  188 

"  "    pyrogens,  149 

<«  **     rosins  and  oils,  684 

*<  '<     vegetable  acids,  198 

"  "     vegetable  bases,  697 

'*         of  vegetable  matter,  618 
"         of  vegetaiklett8(nie,stardi, 
sugar,  Ac^  476 


Rotation  of  crops,  617 
Rom,  484 
Rum-ether,  607 


Safety-lamp,  114 
Safel^-tube,  92 
Safaower,691 
SaflW>n,698 
Sago,  446 

SaT^unmoniac,  229 
Salt,  common,  216, 216 
**  **        vouKtilisa4ioiioi;i8& 

"    double,  261, 267 
Salting  of  meat,  644 
Saltp^,207 
Salt  radical,  199 
Salts,  71, 160, 267 
"     acid,  IM,  m 
"     basic,  202, 847 
Sandal- wood,  691 
Sandarach,  670 
Sap-green,  698 
Saturating-power,  199 
Scheele's  green,  414 
Schweinfurth  nreen,  414 
Sealine-waz,  676 
Secondary  fermentation,  488 
Selenium,  187 
Selters  water,  166 
SheU-lac,670 
Shot,S48 
SiUca,18S 
Silicon,  168 
Silver,  879 

"     alloyaof,S79 

"     oxidBof,881 

**     salts  of,  880 
Silvering,  886 
Syrup,  469, 4172 
Smalt,  804 
Smell,  128 
Smelting,  278 
Smoking  of  meat,  488 
Snow,  48 
Soap,  540 

*^  reshious,  580 
Soda,  220,  221 

"   biborateof,226 

"    carbonate  of,  220 

'*   caustic  221 

"    lye,  221 

"   muriate  of,  l7Stel86»  BIS 

**   nitrate  of,  224 

'*   phosphate  of ,  228 

'*    silicate  of,  226 

**    soap.  640 

**    sulphate  of,  178, 21S 

«    sulphite  of,  174 
Sodium,  222 

and  chlorine,  168, 215 
«   0ijwen,e7,81 

Soil,  266, 612 
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Soil,  testing  a,  256 
**   humus  in,  444, 612 
**  inorganic  matter  in,  8U 
«   lime  in,  612 
Solanine,597 
Soldwing,  225 
Solution,  45 
Soot,  107, 116, 676 
Soup,  648 
Spar,  heavy,  24S 
Spermaceti,  63S 
Spirit,  491 
Staliictites,  287 
Starch,  450 
"     gimi,468 
"     sugar,  468 
•*     syrup,  460 
Steam,  85 
Stearic  add,  646 
St6arine,583 
Steel,  282 
0tick-lac,  670 
Stoichiometry,  70, 267 
Strontium,  248 
Strychnine,  594 
Sublimate,  128, 373 
Sublimation,  128 
Suboxide,  77 
Succinic  acid,  606 
Sugar,  469 
^^  burnt,  4/76 
**     candy,  470 
**     cane,  470 
"     fermentation  of,  482 
**     liquid,  472 
**     of  gelatine,  651 
"     of  milk,  478, 629 
.*'     of  starch,  466 
"      sorts  of,  450, 409 
Sulphovinic  acid,  508 
Sulphur,  123 

"       amorphous*  127, 129 
•*       flowers  of,  128 
'•       liver  of,  218 
«       springs,  187 
Sulphuret,  181, 154 

**      of  ammonium,  281 
"  antimony,  407 

•*  arsenic,  416 

'*  calcium,  220»  406 

"  copper,  862 

iron,  181, 138, 294 
**  lead,  183, 341 

**  manganese,  300 

*'  mercury,  876 

"  potassium,  213 

silver,  381 
tin,  826 
zinc,  812 
Sulphurets,  metallic,  188 

"  "       retrospect  of  the, 
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Sulphuric  add,  anhydrous,  109 
«  **    common^  108,  J7I 


Sulphuric  acid,  fiuning,  170 
"    hydrated,l72 
*•  **    mixing  <d,  with  iroter, 

84,178 
Sulphuric  add,  Nordhausen,  170 

"        ether,  606 
Sulphurous  add,  64, 174 
Superficial  fermentation,  488 
Superoxide,  77 
Symbols,  chemical,  88 
Synthesis,  7 

T. 
TaUow,  622 

"       soap,  640 
Tannic  add,  603 
Tannin,  603 
Tanning,  648 

"       substances,  606 
Tar,  coal,  441 
Tartar,  194, 211 

**       emetic,  406 
Tartaric  add,  194 
Tartarus,  196 
Taste,  128 

Temperature,  24, 118 
Test-paper,  48 
Tests  for  acetic  acid,  198 

**     "    ammonia,  229 

**     "    antimony,  407 

«     **    arsenic,  413. 416, 417 

"     "    bismuth,  {J47 

"     "    carbonic  add,  46, 102 

"      "    chlorine,  186 

"     '*    copper,  152, 192 

"     "    gold  388 

"     "   hydrosulphurioadd,^9 

"     "    iodine,  166  ^ 

«     "    iron,  296 

"     "    lead,  336 

"     "    Ume,  197, 241, 260 

**     "   magnesia,  261 

'*     **   manganese,  300 

**     "    mercury,  876 

•*     "    muriatic  acid,  186 

"     "    nitric  add,  160 

"     "    oxalic  acid,  197 

"     "   phosphoric  add,  176 

**     "   platinum,  394 

"     **    potassa,  211 

"     **    silver,  881 

"      "   soda,404 

*•     "    starch,  457, 645 


sugar,  645 
sulphu  ' 


sulphuric  add,  171, 240 
"     "    tartaric  add,  194 
••     "    the  metals,  133 
"     "    tin,  322, 325 
"     **    zinc,  312    . 
"   retrosi>ect  of  the,  149 
"    synopsis  of,  page  505 

Test-tubes,  34 

Theory,  7 

Thermometer,  24 

**  spirit,  25 
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Tin,  816 
*•   aUoysof.SlS 
"   and  sulphnr,  S25 

Vitriol,  green.  89, 285 
"      oUoi;i72 
"      white,  812 

"   glaze,  317 

•*   moirt,826 

W. 

"    oxide  of,  317, 826 

Water,  21 

*   proof,  318 

**     as  food  for  plants,  614 

•*    8alt80f,319 

"     bath.  149 

Tinning,  229, 827 

"     boiling  of,  84, 95, 96 

Tombac  864 

"     chemically  combined,  54 

"     compo^on  of,  65. 87 

"     decomposition  of.  56, 82,  83 

Tntf;acanth,466, 
Ti«tooa,687 
Tofa,  calcareous,  287 

«     distilled,  41, 561 

"     expansion  of,  by  cold,  28 

Turmeric,  692 

Turpentine,  568 

by  heat,  22 

oUof,661 

«     in  the  ah-,  100, 102 

Type-metal,  409 

'*     mineral,  166. 447 

"     of  constitution.  159, 196 

V. 

Uranium,  828 

Urea,661 

Uric  acid,  662                   * 

Urine,  660 

"     of  crystallisation,  54 
*'     soft  and  hard,  237 

Wax.  589 

Weather-prophets,  98 

Weighing.  81 

V. 

Weight,  absolute,  10 

Value.  879 

'*       specific,  11 

"       cold.  40 

Weights,  9 

_^^       apothecaries',  9 

Varnish,  634 

**       lac,  578 

Weld,  592 

Vat,  cold,  694 

Wheat-starch,  463 

Vegetable  acids,  198. 696 

Whey.  629 

**        albumen,  461 

White  precipitate.  874 

ashes,  607    . 

Wme.  464 
Woai594 

caseine,  462 

fats,  684 
"    -  growth,  614 

Wolflram,896 
Wood,  427,488 

"    '  Jelly,  468 
life,  419 

"     tar,  119, 430 

"     vinegar,  119, 487 

mucus,  466 

*'     white  rotten,  44d 

tissue,  427 

Woody  fibre.  428 

Veratrine,  597 

Wool,  663 

Verdigris.  861 
Vermflion,  376 

Y. 

Teast,488 

Vinegar,  198, 609 

*^      aromatic,  198,  668 

"     bottom.  489 

Yellow  berries,  692 

"       mother,  627 

Yolk  of  eggs,  623 

"       quick  method  of  making,  511 

Vital  air,  80 

z. 

"    force,  80 

Zinc  809 

Vitriol,  286 

"   oxide  of,  810 

"      blue,  176 

"   salts  of.  8U 
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